


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1991-12 


Investigations of a single point temperature 
probe for measurement of atmospheric turbulence 


Hoover, Cloyes R. 


Monterey, California. Naval Postgraduate School 
http://hdl.handle.net/10945/28319 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
IC DUDLEY research materials and institutional publications created by the NPS community. 
FW رت‎ Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


WW KNOX appointed — and published — scholarly author. 

W LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 










































vi AA rc E ei Tey Ve | tyme UE Ue Al. MINUM: 4137 IR Rep Tert ta. rH t ILA Dy n Ke eed [N E Au Ey و‎ MI ا‎ 
Su nos 1 KN KA 3 N. E | H 1 A ۱ A Wr E ^ H 3 D i E DUE ie POT VARIA bn LIN EE ۰ YTA EUIS E PUN Let Ro o 
10212 M EPA ۱ ICT E ND E UC DINE FO i Ps TAS vaa s X < SE 5 n 
۱ TFT 14 ely EN f MOM CA TO ۱۹ 3 MKI E 9 M MS ETE fra um ` 4; e 4 DA A! DU 
"MOS 5 ONT TN JU TC CINE ۰ ار“‎ m ۱ KE TOM ie PE PEDE IDEO Mer. t UR IM P y i4 hi s id has i E mo *% oe fhe och 
aA. JOAN ' ١ T. ' n SP 1a W Ee vanas 1 n 4 JA ry p da 0 at KULT pa LINN M U M PH na Ia Pr 4 A V ^ RUE veu ۱ x A H, ۷ A 1 Sh U^ DPI; ) 
ee Tto Phi ads ete @ T" ۰ ۱90 ۱ ٩. 4 L H. KI. Re TE "A nau سیر‎ e 4 1085404 po IP SOS ES M) ۷ 0 brad We ره‎ E fe Ñ 
NE o E ۱ s ال‎ 14,0 199 n ç QM W رین‎ käs a dA, n ku n ky AT Heid A n 00 D UL "n DARE AU A NA, ad a > JA 0 m jê kt š Pr ١ 
TIE on ó 1 STEP M DOLORE onde E POLI SYN MTN TU ET UL Ve HART TUTO TRE ERU P MO N aS È Py E 0 0 yy iid EI Vr = 
J 5 1 kt and Nut ú Sto" 5 4 f 1,5 al ni 1 14 16% ¿de " JOE Deo "1 e TY 49) p Uu RI), 4 der Zn et 1 ti Berti 144 ا‎ ۳ 1 PI) 
" + t PT Re ee 057 ip y o tit" ۴ P ATTE n t hi n K] E i PEPO MN HM T im ini Rot i 4 mr EN en an 2 X 1 ki e E a 
۳ dd را‎ vd ۱ ۰ ما‎ ey Du SE. on udis [248 na T ۱۳۰۰۱ dl 0 rod. f 3; T un Hog, Bic a بر‎ Hor i. = N ae J E KILIJ ç tx 0 E M N n AA qe na T E uP NATIA [23 = A nS 
1 A AR A AO ia cu n Doe la, ih ls D 4 in IN PO » cy n 
V3 3 (4 ne Ur TD VUE MM ا ا‎ it ri A FO UM etes A aH E 1740 U PETIIN 1 
A TE LO 4' ai, 0 nia Jan SOT 4 d EU ۰ ru NET ALI NTI fes $ BE ` T 14 N i: 1 3 H EREA H U KA XS (KT 0 yri Une 14; ru 0 
vt ۰ ly t „eiit A mr YIP 5 dd P TV E. MH ie HEP Tum 0 AYU ARERR zi DE N itt 4 
Ew tg 46 po cid: ?! E m L Uu m O ERA TAI, LX zhi EI se) (TOA in EAM Eri) Lis DT E A J 4 ۳ P in H D ait i ARN Mt IR 
A n ‘ 4 YEK 0 0 E M i UM ار‎ ds RU ET HR TI far: te ct K ald ip, x v 05 7 KY DAS J mon ua H ۳ ONEN ا‎ h E Lee 
E "E JU i NE I st اي‎ 3 TEM XL E K m HT 9 ار‎ be AA UA M gy Hf i 0 EN MO XI OUT ah 5 M 5 X TNT vikt Ki p m 
EDEN HEN A dent nie irae obl pa nn gi ABATI ito ا‎ i KN DO MUURIT Eu PON وتان‎ P 
۴ des x E : NN tos op d Aen m n YL Kot A ور‎ x Cy Y DP MUT td J HUWA i edt statale Va 0 TS 
E^ ای‎ E ی‎ ads? V TUI MP Tum i 01 LEA DOE i í ۳ : 3 i H ili 1 
a ae ao A ETS ۳ EU HR: a T i JN 
È P TNT — d “i ۹ m: a b v TAKE ì oes M 3 Lh KO V agit T t° ATA ۶ S 4 y zy DET m M CON Y رم‎ Hi PROLE y ät Vh 4 ان‎ 
NEN uuu n Et, q md A TE UU 4 sian ANY ION T T m NEM QUEDA! i wta ay! id na LEN EAN AERE 7 D 
Tun 14, Mes 5 AR: i" An st ODL 0 KI KN je Sd: MEX ad NA t M ie ft im MN AHAA Her t I E SUE i 
T A . D] e, 1 PISA Mom ' ZUM 11 Mn a je kt 4 E 4 RAS ` ivit pu pinu häi 0 a 2 t ate HN SUN. Vet TENE KAR DRANK 
ا‎ 1 QT H IM ue, "n jä ma HIT " n E EUN “i ۳ A 0 T "mV et X ۳ t mui ET Rn A n KIM ets را‎ m L 1 nos URL 
i ig ^ 8 ZI TT ed eta rd dr tte ار‎ VUUS ry AUR onde UD RIST RITO viin 0 PA i lI 7 PE e 1 Kai "iih n D Dr 
, x Ta Y în nw "s مالا‎ 0 D Y oth ed VA + RR BS $ 204 its v 5 = nk p ei p UT EH T Han UR 7 ni US 
Í > Jp [M پا‎ DE "i N A done "ja i i KIT ۱ x E ۱۹۹۹ NR T ibd NH ho HN ET "e Inh y EH N M fi KAA ۳۳ pM. many TIR i i ies von X 
i a N ^T M E a Y: ME JAN qu ی‎ le: REEL TIUN MM de 21 TONER tel E RI ì jääl it 8 A ۳ JHN oh MET i aj id HAM A vn LIUM زار‎ et p ۳ * 
A) n 3). X E r TE EN. 3 1 e "ES 1) KAT Ge MU o jj تال‎ Mn IU ayy AU Li: ot RITO n ti in ns ۱ di E JN n v 


b 
EET ماو‎ UT W ' JU I AE لي‎ 
۰ 





SETTE MC j 4۹ ma KA M ui xi HUN SERM $48 n 19 prep 1 fa UL 






























1 (jat kid: er d 
1 IA i 1 ١ nod 1 tardy SA 0 H HAUT At vis ۱ Fa AN TA 4 Hi RAR [6 spi N PU EL 1 و‎ hs Urn rS J 1 
PIECE a E A E SE AD AE RR RL A sein e و‎ o 
E LE “ Os "i Da MM DR | 281 I UTE PT LP Maie ATI NI e TL v d du pr "T v di RE NAR yp 4 rin um ma PE 0 é 1 en di den ia d UA 
KI 0 HAC 1 t es 3 " a w ره‎ Km "s PLU ds RAT eu KOTA he us AN yos 3 t aO Í MON DR E y وا‎ 24 E HEAT ven NCC p! "m EA U TIE p 
1 O et , % ا‎ ht E CLA ST [42 spi Yr Aa Ce HEU ^ 1 T Vi £ e ER 51 ATE ; 1 ۰ 0 DI n 
۱ ip; ia Er e D eh Nt tees ylke! " POA ELK H MA KASS EI Er "i AU peasy D eu TM ۲۸۶ ۰ A "Mon d 0 0 H DI de Hu 4 K ai j 
O `Y % 2 ۲ ۰ ۱۷ ۱ ۲ EC KC Di r b: IL TNT We: i A YD e a Jeti Du. Ny Een "HE ih M ^ "H TUS ۳ i M 0 DHH EEN E de di fal n vey? i 
' 1 de A 1 FILA 18 “ uu NA Le ' TASALLE لا با‎ noon ‘ho el H f p a L es A 15 Lina Vu [DIE] M UU DEN ie 5 لان‎ ae Lido õi 14 
an J ee EEE ae 111 40 100 6 0; TEUER i" mn SETA du. Pd PE HH aH d brit Rae FAS Ni ۳ THL t Hit ETM REF ERT 1 52 
.. دز‎ ۰۰۸۱۱ 0 ۶ nit E HE] K ` HL 1 0 "T 1 E. Wi n. T4 [RED FR n ^na Br Hed d (RE: *it PED TE he i Mu S mah EAT 2 ل‎ 
a Silk LA «n PW E UA Vv EBD js epu ER KI s: T T K: al 1 Be ah TM iH t bo HIM A RE i Å. M DER 4 UA S n iit TAE MKI 1 non. (e Eu Ks 1 dude 7 de nye 
1 PESI K ا‎ LEEENA AT 15 TAS «LU اه‎ RE (۸ 01 As qun {it's ay at KATI HA UT 1 PU Hr i RA AUT ps y. k 
: ۰» ۰ 4 ULI "a 39 ل‎ 0M» 2 tp 5t TI MEL و‎ ! ٩:۱ ! he e LAH de KAN it 13 TH. 1 PL $: Hi IA TOR JA توا‎ (1 3 P ti اس‎ ten käy: i 1 Ji 
n ji * DETTA ۲۱ ما و‎ ASU de bagi 0 i 5 2 Een UC ams a T par andy 1141) N l LIRI 1 i te 4: 9 ۶ TU Lj H KA PSP 5 t 
۱ r sb fee è PU a ium Mat E 1 OO Sept wa PU Un EM ME Vi TU by Ale 1 IET É 1 MEDI a un n 1 e EM Wu e AM gi A i 
0 DI get IN! |o oq < à eo {14 TEE dori n i ۳ ol des ion DIEN 1. 1 P ad TÈ is «00 4 N pes poi: JA 1 را‎ T TYT [N DR m 7 L 1 
Ned 4 1 if RT POSI UV ieri IN DERE NA IC tat E "ORT, AHN 3 al M RUD tih Ey i E H 
۲ f “i t 4 ju n ulti 1.1.1 i 0 بل‎ mi يا‎ Sp el 7 . i et A EE 5 E ۳ I Muto pia 1 uay TE TAE ۳ nay Marais 01۳ ia ed HS XH n Au äi JE EH 
E uH "em a o A A VOR HE ie es ihi ورد‎ EREE in pl) نوا‎ S fp H N t KE FHT Inr ME b m il P 1 ma t E m Jib ja JAN 
H nix htt "rmt CRE! Tan dr NIS EVA É 1 ۹04و«‎ Nil PEIEE? CENT ITN N HARRY YUY a "f xu] IU EI m ۳ 
CN n SITE ati DP HERDI 3 UTA" EU Un. N mu ri i EH MIT «ilti Al mi NT t 3 Iu] EMi nki N ART nr NH 14 "ey bin 0 HUM Im NEN HRY iy DT 2 i: ۳ 
۱ 9 6 Y VARI I TITTI ATL, TD 1 r PRS 5 unu nS d į qut m METRICI yr 4 nu A را لا ا‎ tay te | PT HD i JE itt dis x A 5 10 Tn 
MP «t 1 weet tl IC PILLU bet MPI MN 6. A tit 2 P EAR HP PP i n ja vi Ge kids! i Ro ih i frr UN 1 J hi Tu pa M “a Y i: T ma 7 11 
w l J 5 TEE ELER TCE Gg ie ae LI ال‎ ۰ E hi 1 34 vibe ۱ ON ۰ ۹۰۰۱۱۸ e, P ni HRS ie sani را‎ v n TMa A %4 K KTM 1 
J GNU FRI KOIN UL PITKOT KU ETE em. At sajast Dr DE NAE dw "EIN AE: P y HII SLK mh PA MATT 2 mas Lp IL js e aj ua NER: 7 i E zn 
A DOHBOUOT ode Hi ME ee CE DT EIUS NS. vii xd sui L > y Tuo M Axe HETEL pi o p tra d PRI Ki a HE Mt re HR o vous IN M iz 0 en add n n T t iri LI sott UA ee 
NN. 0 EE MA È 1 1 Mu H HE H ef Hr 0 olo 4 ud 4 1 d 4 yi" HHL i "i rn P ds D na VAR UU 4 jä Osi NOn ۳1 بر‎ PA I Um NN t EE 14 o DA 
PORE TT ١ TE JT P 3 LL] EM. (i TETTEN mis a MOON 4 P: nD p NAT JE ۳ at dad de ET i ul TNCS KO 30, 1,4 MA PI لش‎ Rh A) ; ur MU a CHA ni زا‎ 7 nu "et " dd 
e Rr er N N E: 40 st N PN ا‎ ML Ge ui ba n ال‎ MI JS shut +a RI MES n KH PALSA EE “ LARA 140 1 T m ^ 1 i 0 در‎ PAT MEI 1 ME Lu nri 
D c PRI ۱۱۰۱۱۸۱۵۱ ۰۷, ۲ ٩۰۱۱ ۵۰ LLIK TA OLS ی‎ KAISA | its 2r 7 MAP ZA LÌ IOS nA EDESA RIA] EN NIS Ss E ی‎ PRET en oy ses h H 
AT 1 Oe لا‎ CLINT AKTI, KOE KT Ca i ۳ Unum ak 3 DL A ATI lit ۱ lt! "M: Jui 1 1 UM Mi KAR aes sai "M 24 TEN 
۲ E E PK 3: INA TA ETO HA MA TKK TE CETTE aH RAEI ARMI 30000 LR Su 1 E DEN Ü Eom RUE t و‎ ۳ 1 pe 
17 PLE Mn 6511 UO TULI (TA n ۶۱ ۱ in CREE ۶۰ N 070 TTK OI LENT 14 È i AJ i 

























MON la 









Ha zt PR 





' 
1 0 0 1 1 IN L 1 A ki 1 M 
4 iig. en ۱ 1,10 10 ER] 0 M én A LI U 0 t HR 9 HI H 5 4401 
^ i "TTE 2 QNEM ۷۸۲ ۰ MNT AL: i 
TIT PE E TU SKK KL] ° نا‎ (oia au ES ETT A eps TEMA ` P Ak 
EHT iru AC و‎ + ۰۰۸ eu Itala i Zn nr DNE COLORE ATHENS ni 
n P + UNCAF ال‎ M R HUME 
4 fie 43° “SA ME rt i HE IT OX] 4 
۱ ۰ E Lar ba. Lea ۰ x6 ou TUN h TY MEI 
5 & 
LI 





ole" . 11 4 soda O TED ts PE ITL 


n 11۱ ۰۵ ۰ i) XE TE EN. "un MONIN TT PIER TT RN O III si aum Mies *. etti Tm fan as 


U ye 
RIT daa 1® 6 ٠ M Rib aut OIN Hon 

















ITAL! HII P CL, 
" rT PALE ` sn lk hd es) Pn Pe TTE tee 

H 113 Wer m kr "T vai ie 0 2 PATTI OTT pr 
0 PICKS SKU E Lid +44 AAS KO À 1| ARTE ۳ 
A ۶۱ ۸ ۰: ۰ 0 4 ipe se PILT ET "TTL 
EET LI INIT E 0 PE, aJ LT e E. 05004 AL 7 رال‎ be 
- LTEM nt! 11۶1۱ ۰۶۰۷۷7۱ ۱ DK ia ۰ Mos ¿Cada 
5 a4 s 615 199 19 T" I DOTTI] mar 4, oti? P us 148 
M LN ULTSI! ۱۸۰ ¢ ag i 8 3 

41 ۱ 0 4 r 


1 
i 





ETC 
سم‎ D 
TITTEN | Ws wt TH» kA. CAEN [sida Tu 
S 

۳ 
Y 
1 
L] 


i 
4 
E 


N 


T 
ma 
P 
KS 
sa 
= 
T: 
۹ 
Z. 
$5 
= 
a 
sa 
c 
nr al 
= 
+ 
eS 
< 
a 
7 
k 
ENG 
T$ 
X 
EY 
= 
Y 


0 EUR n 0 ل‎ IEE 
mi 1 "yi ES i E PÄ KH $i T IY E HHE; i ME ATH HIE 
1 


I M ki 0 
d DELI dn ph n Ai Ry E KR DTT) 
۱ 
i 


O 
UL 
1 وك‎ 
m4 
1 i ۰ 


4 

LET 160431 (07 t MGE 
E A H 

y im Vy iG; ; N TTS AIN 





nm ALU IO 
lety 1 ” 1 H MÄTHTA RIP Pr. 
RAID م‎ PRESE TE JN U (A; 





«T 
T 
. 


1 
T 
2 
tas 
H 


SS 


[| 
r 
4 
14 





0 

$ 

٩ ل( هم وله‎ MIT EI n DH 
"ERE A AN a 11 N} 
dt "EE IE) + 5ه‎ : ELL "*í ‘ 

A و و۱‎ O N que d 0% 16 

۰ D o ` AN SAVE y a 


NE. T i È 


e 





E 
` 
عدت له‎ 


ME A i ٩ 
+ TE] ETA 1 tpi 
" Ch) ed 4 
t1 إلى‎ FO 11%. 
"o N n wi efcanat. i ۸0۱۱۸ ۸٩ 4 
d “x TP PP * ET 
yw 4 Me OLEE E 4 
0 oa ter*si H TE 
Ve Al Mii 


KEKSI 









Ud 
1 


E 





LEN ۳۳ ME ini Da Mb ag 


























De 










SE 










P 
TJ 
m 
š 
19 


me ze 












ME Ala LEE 






* e 


034 8 5! A | UA a HEUS M Ire ror y 
F "E AM fi i E "NUIT IET AE CUT 0 IRN D A dn PMP l P Mi ا"‎ en HHH) nu MMM: Pa DUM m 1 hul RUNA dn rra n lois its » Jd Se 
E "naa JD E ETE vii م‎ AT Ta E a 1 Bile ADL A N EIE TED E M e (MR AERA RN HN TP KC f ANA MT a “a E nit PUE BLA ud AO 
Ti ۳ ni à y N p ONE y Pv P f A TE ala RACER i PED any ETT x! And fii TR ss n HW de K A ren n NS T n ut T E ja AR t " eig a va A 
i , i D % #4 0 0 0 "Pa 0 H 4 0 H 
1° 1 i FP M n P Fi " ۱ A ^ ma ۱ "TEE n y ld Ww 1 s DAI KT io Ë Inr “y lix ME Bus Er HM aek 0; en I NET / ET RH) m RC Mi n usd p Pa 1 KER i m ih 
"UTD  wWulE dale. D HOITI jit b eg a tet, TIUS AR RR: » dias MES Ie mm. rer [ISTE TG 1. Y E DI ELA P 
4. RA TEA ۱ Eum a "۹ M ji 1-۳ AIL QA TE N 4 "M EAL TM SEE Li fill ER m VH un H PUR T P PM: ی‎ Noi E d un K PE E Hm bra STR har ie 
۰ > 0 1 cH 5, 4 PIT EH BTE را‎ 19)! AD "n TN m LIT LEVI Nun PIE ALIN م‎ Pad, hd 1 p E VI P. 4 Í "d FE s CF Eh A Us seta li 3 K NU NS D 3 dé fi n 7 
۰ ۱۸ AA YI _ E T MO JA h 14 TIED Oti SAJAST AM nels E ha tira) D ME ا‎ EN kn 10 4 تا‎ 
n 5 x m o” TU $ 400966 i 1 N y N ho ۳ (x. MIELI Ad PA M 15 Mt ae dst ni viat ۳ EHI Hy Don 1 Tr, kutt H W: EH kx UM D Y IA MM نس‎ Pu KÄE ST 
mw "TW 1 š Pr T 4” TITTI y^ 0 AE (AAT, ۱ m dS p" TIO ¢ ۳ i UE AN 8 KA at NA LE ME t PER M t PAP C RCM ks H Hy Ha 00 CEPR 5 TE E i Rs As Di yn 
٩ ۰:۰ ENE al LRT Ae Cae (۹۰۱۰ ۹ e LET LIU! qv ibi 1109 ۳ 1 Ur y e as (PEPATE RE TA 1 Ue is IR het n E A NR S 
7 he AE RI i " 3 TAAL 1704 7 CS ia UH (f lo, o° 4 plii Krit 1 4 EM An H wf PIKA 17 KN a i pP mato M DE n Au KERA LP Ha mi i e 9 js 
LIT] ۱ 1 TA AE ۱4 4۱۱۸ ۱ ۲٩,۷ ۰ ۰ ۰ qJ t, ERIT rje ET Pini . یم‎ ۲ aa "i ۳ ” K Ann nm d AUD va RA i i hi J s Hu 
T T ` ۵۰ T AS nU EU "t "of! Aas ydin PV ben? 0 05 0° وه‎ ER RD pes n de n SUD mH hi 0 er "ni 14 ۳ از‎ n Tu Munin tami eer ne PE EA 
M HE MT E TE ۵4 (۱ ۰ "Turm curam mmm ris م‎ ə ë TD: AM nib 19۹۹ LH be FT "n NIWM S PA PY Kp ug s nonas 
t wehie ۳ n ۳ Pax E nés er TEILTE LUE el y [ME nt deli Agi 1 M H ۳ A ds NS And iH MIA Ip tos HIER E NE P n ru v f iius pas ۹ es Tn kel, Ek Ad ni 
u 4 . ۹ ۰ 6) no" 4 PAIS LI 
` v 1 AT LL PM MR LT] iE 3 10 IN w t AERE MER ex i rums 4% ۱۳ dU 4 DRE d AM gt Dr DER Fae fiat i Ly Ms e 
EM KARA UMT MTN KARI ik uh mme e 4 NET E T D OD M VE 5 rie أو‎ ae et ei "TR d PRG 
M a tree mu e n Hir Hierna pon i 1, Ka ELA as PE Dk ره‎ ata gie Raf VES S FR ER ot Jt 
Mir MSN EP] m PM TE kr ۳ je M ip: P 15 TM OUS por 4 Men fisie Ax PIA 0 Lr d A 0 ES AU a q P , ka UM 
7 " "in aj AR murra hi Ru yen as "NE zm (i dcm is p HV AH M edit PAL aE tuts 7 AN s pe NÄE = S Dr 1 ی‎ vl pv A E 5 4 
Amas ۹ O 4 itt? ut 0 DOE t o ا‎ D kiwa? 4 r h N 9-2 o ar 
, i DHT URSUS INA KUNA gon tite 4 En P LET VET HC BUR PO y Am 1 oH ۵ ORE J » 
oo. grid “Mga? | LL 133 htn الفلا‎ ¿let? eb EE g 14 تاه‎ DU A H uis Jt 5 A ro # A x 7 ی‎ PÄ J. 07 day KE Vii ۳ ی‎ 1۹ IM 
[ICE FAA E ja ۳ nm dM traen, aves api dup i yat jM mm LL لقان‎ P asa! (MES P n ۳ و‎ PP AE tu 6 KN 41 PRN PE SE HA مه‎ O TON Arts Ei CX pP A 
ot TRATA toy "UL K م'‎ 110 ۸ ERa uj UNO A A HI ML 540 PE M T FILI I IZ 5 و‎ DI le i i, wd si sae cate ¥ md 7 E ° EAT EIE a a Yh 
, 5 باه‎ N yes? a ET HP ET VE e TEN TNH : 1 b Hh, thread دس زب نو‎ SI PARA < 
1 ۲ ۰۱ la TA Mo ee T nr T LU TERT HA KIT aan D Er. IM m nd Ud EBORE KON FE | YR wabi LH W I N ? EIS HN S: ار‎ i HR Tä hiq: CLI na WAS ah HIA en i 5 1 ac eee ye t: a d š KA b 
+ pe ¡e تیدا درون‎ m eon IRINA TARA A KELES TIU VAT n La NEA. nun E OH ED VITESSE U ی‎ ۰ T Lc hd E PA nr Ga FS 3 1 
* Ae a it Pri tres VM PLE SUE " Sid e ye ۷1 3 
A Rt us Cir او‎ n Kr bin : Sante PRADO S 
1 ۳ n H igi aa ` `. y 4 
H ^ HS 1 o AA AAA E UC me NU 
^ i N ds TA eh MIA PERO uae e 
^ e s b ROLE 2 e "Mis A ل را‎ 3 
۱ š n My i en re taa t: a EA 
P A n TIL: E x n] x EY 
٠ N MIT] NES (PLU aee A E Y رم‎ Tet e Pa ^. 6e To) o? KW Moe hy: 
1 1 KOITTAA ITU ۳1 " HH A | el. Per aya hie UE HRY 4 so Ev rem Ate ارم‎ e" j^ Pi AIDOT ITA NN SA E nu لكل‎ * x i p b i J: 4 ۰۹ de” 
NP OPORTERET EL ۳ HET 3 KAR UEM AO Ten ON UD a یک‎ ER 
Taner EU URI 1 i 1 H iH ALS a HB w% ITA Aon efi p H TT hs usn f E RA 1 E H virta Gi LIKAN h ^ B Ë A RANA og L HE i Eo Dn i dl SS ۳ 
sie RIA Tes vite Siege. ie TEST 1 PRP ih t Ls PM ET ۳۹ TW VE i E smi di و‎ A] i s KK Jes) L] K AP jet A ANI 
TKL keet du mus (A An DEAS HUS UI IIT m AT SODH boi DIM AN ETTA PINO TAE D UM FT ir RER FLS KT 4 TO te Í QURE $ E 0 z 0 gi Son 3 E SRA 
dus mn pie s i, OO let: H ۱۹2 4 ۳ PTA FATO My KP HUH te Fy H id "ul Yb HS J E na m HO E ARIES E pt: t H at WC cati 2 ob t 0 RA NX 4 ge e o 
ال‎ ee Lae GI DESE O SI ا‎ Aii EP: TARK pe il n 1 UN Mj) ^ itong: TN m HER 1 1 BUYS, و‎ YL سوم‎ SEP um n Wy g. DEO Cr. adi ete ; S 3 f AR CET TP E 
í 4 Verte RETI TRE sided qu TETTE a { om Ps UN TUE 1 PINE n MU ۳ si "is UT HA KETTAST RAN Au T Ed MY ep p دا یاو د‎ ti ig ny “un, Merk 
MORE Ine INE ERANT LOO و‎ KAN y RCA enc a Heep ON jo NRE Se E i dos DAS K 1 As ja VN 8 ee Dis ur eS 
KA E ETLER OS ER PUO AMHER ORES t. H HL ۱4 ره ار‎ AR HRE A OH RH TUA OP KER E JE RARAS وش‎ SY 
1۱99 Im H ۷ ۳-9 Aj 1 Clun KAKA HERE FATE e AS MARS x va? tH PO 
KALA KT KD ODA IDAST KL CHOR Mr ED n t NEUE PO PT EIN Tm EU KORIN THA, E + heg OVE DE ha dps EA AF i ht S 88 
r ل‎ ee ee TET ki) veid EH 1 اد‎ 10+ lite: UW ا م‎ P: an ENANA M n Es (AT MC St n | Ki dt PRERE EA TA 3 Tta E 
1 IRA Fiati Si TESE] i+ PLN] JI 0 g^ KK IL kA KATIN i MIEKKA Ut IRE UE id ity. UG ۱4 KALA H 1 t l: 14 VÄT 1408 NS id nf LELE ^ Á 4, RI PATO ive Rain ^, A 
h e dU f 14۱4», ۰ 9 ۱۱۸۰6۵۱ 4 1 MINE: F4 ed. f2 DATE < ife sha mp b. jr alah 14411320 aut fif h^ a i 1 eed E Ri (291 MD put et 1 1 vn SM LARA "my : 
è ۰۰۰۰۹ ۶ a t 4۰۱ HEBEL INCLUSE ا‎ LEA try? HEIL dn ۷ ۱ HIM RAD fedt RAD PA Ft Mn i: EUMD ded als "TY e 4 "Et PAN tou Te e 
n E SSA ان‎ LAE X) DE AU. E s 0 DUET n J nit UOS MUERE KAHH Pees ered Pa xU H RUM. ۳44۹ ی‎ 6 oh n TUS Ante td 3 4 eats باعل‎ "nh uot. و‎ eM s + ADO 
p. TO 144 KA JP qta DATEN A PI wit oy RESTE A KT HL ge > KU TOS 1 HAREN ru DET D TE so PREIS EM avis PA بح‎ ۴ FE EK Pa "EJ Kd ۳ نب‎ ^ jä H EE D e | dee ps Uy e 
A s J ۱ ۸۰ 4۰4 160 100744۱۲ ۲ ۰ E HT DUST HT ORTI THE 4 Hh [Ln N SE MIK qe TEM Y D 0 A e te) 1 E LF er رن‎ de Y us ei RM 3 -REF ol xm "LE ne zx م‎ s rge š 
١ TE ya " / (otel Eh i aT ja N S ای‎ h (ug M a: 201 23 ne "DRE PEE "Parish rS arab SA OLTRE] RADI i nr eA its A RAD ALE ZW = a ia SE 
Oj" 0 ^ EIL 1 t MIPS? TS 11 1 TO e ۰ Sr 95 -* Sl 4 PK md se) A 
š Se LI Ty t mA ITE MID n DIT MO a | “t. EU D w Yh AIE EUER ۳1۳ 5 PH UHAT eee ege n At n Pa ی‎ NEA UNE d EE يأ‎ Am an R M Ds 
ju CI COTA TTET ETAS ا ال‎ TTT TE PT DEP KHAN M TL CHE IO EASIER] ^r Eat > SLE PS 55 4 Cup Ys to $ 
01 0 AAL E ۰1 ۰۱ ۰۱۱٩ 4۱ ٩۰ ۸ طیلب‎ RE ent lo. ae rian ۲۱۳۳۳ dei. i ui am IH KE 1 WAIT i AUS SEO mi TA u e EAE Y) IRE 54 e 1 T) TAN t i $ TRR E وب‎ e! AH a PN SA d NUM XX 
N . " L ۷۹ "mm ۰ 3 A ' nm E i es 0 1 q ١ «(۸ d = a mw UM ۰ 
OUT TAE TUTA یز‎ LL TU EM mn! "Py eS Pe te SARETE y TTT] i AA LA ttf up RRC RMR Väre 0 II ۳ US palo di: HA A jn Za td ai, ER iS JN DN TONI 
"ont ln Sä ifl dus on Toit! TA "f, NOn MEEDE TEST HAE 4 let Al "TES nr pa ۸۷ ITES t ود‎ Ti i 3 3 B Eo ta v ee ¡AER 
we v @ ° à 3 Erma Yao 099 00 e1 ° OE IM 3 EM Dn it i TET un AH [e رل ول‎ IL e iif JAM ng E E ۳ DAL St 1 M] "Dag PEE RAE, KA ERARA Vio $ ti 3 E Wide ] و وم و‎ E 
AAN TEO 3 TET ET bo 1 NE E AA: ATU, T 1 WAR ngos ME W KONNA TUE ال‎ ete Í EM gi LH T 2 10 N 44 ít d e “a e ۷4 ۴ AU A Pte CI E E zh Hoe Lt. kei PESA s, or 
ea i¢ Hoe ea vel LIK LIN a itet ۶ Pique EA ETE TEMPE PT Tr NORIS RE مر‎ ¡PEE AR AUT Tiu Motel FE EAE | n Pr L^ Meis TM As: IN BAS HA ur p OF ARE TA Li SEF 
k FI LECT “t ا«‎ 1 sii +t 54 € PAU e 40m E ai att + hagis St LP "RII وم‎ :«: ٩1۱ ۸ b. MI Me 0 ne و‎ + e md 1 DO fh na wn Pi JA pro X ODER DONA e 
A O A AT A atu fe e a ا ل‎ Ua ASE OED 0 hin AES VE Ur 
Jeden n. "Qan ET Lx. EPUM ZH EN "nan HE TE TRY ا‎ 1 MAD E Tru J i die elit PAINI MPL EMT € er Hl V: 4 FOOD FL ES 1 nat an ل‎ PRE c PR XN S x Xu E 1 PS Dn et و(‎ 
7 ۰ KI F " "m i "m ۰ n DP e 1 Li [ te " 0 K : rd, N ”, 25 L 
TEAN MES e + Jr THA اش‎ | Uh L UN E Esti ni ی‎ Av DATED KT HEN. وا‎ t hn NUUS i i : Ds EE زو یل 2% و ال‎ 5 4 z Pi p x Y Tos Ul ۲ n $4 EE D ER 
i v E tg #1 Pu "LEO gal #4 HS MH Sus n + ds 5 m i; 1 il UR r SHIU rad s t n 0 t TN e hd - P PLN PALA ai PES M DUM ER EN Ms in E. تومن‎ A کار‎ Y 0 < 
E 9 2 EHDIN EA 3 A HT. eta KATSA NE M “Va LM Ee ÄITI LT aon KURTA Sm UE u Pa Au 0 AMAA 0 ان‎ isi da La [i a (2 04 اج‎ f € n ri hen 
COS, RRE OOO E لع‎ ERE HEU Mp A KERERE S Rete A E pacte ass Vc IN OR AT ET $t ی‎ a CES ER 
7 ay ۳ ۰۰۹ ل‎ suse ite TT mt mosse? s L fido p HERH ED Wu! REL "rg ve jg hi AU JA P 3 PDF E x 1 ۳ LE IA N ل‎ ean r RE > hs 4 hin 24 4 So S DADA > 34 717 
ew ft. atc vi 00 M OSA LUUT AIKOA SINN n TTE ۳ e THEE ex At, X UFE OAT ter Tu "mu Ay 3 Hm hs ویر‎ nn 4 dir 2 er Yr EAN e Le d A et E 
t اا‎ DOE TT EA ل‎ T DAT p! forfait HALE Riia SILMUT IL AKI) ۷ موه‎ Di M EFU pi EN pu rf A n ste NP Bt © Sheth ona BA 44 LESS 
0 ل ال‎ Es ^ "a: 1 الل كل‎ TN SELETA od 5 IE ۳ i EL 440" (1 7 au Ded q a 1 n Zh ê A bet A erat "Y tia a > $m 
i LU للك‎ UT, SEE PETIT " “4 (4 HY ۱ ath AN? of 8 Ns EH MESA KA ci) | W 3 b UY Ph dh, N» A n È rane E mo i A ih ES n n A n E E < 
ا‎ TEN De A ä MEIT TIEN KOL ATE 0 “i E EHRE, 3 AE HH 5 "TER H ELLIE TEST N A n 4 Pb P 1 He dM REM: bien Hp In 0 و‎ AU S E c a 
" "E ۱۶ و‎ insta 6 a tar nien 1 “la sta ۳ UT. {hited a us TS fom و۵‎ ٩۱ ۰14 RTT LAS; jr Cia LITE tr. MUU 4 Ve Vals. Ub KM S Ioa be pe PE HE rw A ves ATAS E ada 
s ASA i ۱ ۰ از‎ " HI Ja NUIT و‎ HL An sy E TM m t ta ee PEETRI TER MSS LETRA. P t Tu (AR kll! uu CU e 6%, E a qu add De er Ek LARA 
۱ NE g KAKKA JOKA SA) tä! 1 ts MEIT Heu Y He DR Pras menyt Dye as yuna. Ms pin. H La PIONI K JA E Er bey tings ce E Palla $a idend ia 6 Ja 
Li In S ۱۱۰۰ ۶ " O TE m TIG 1 va AA TEL ELA HA ی‎ SLAT PEESI said a BEES vyt LAM EE H 10 a EA A Pavi e. kira Dita AA 
L| ۹ TO e Mal PC TEO ا‎ IMA CITI [m AN Mots 44 ET VITE p wt; ENT) k 0 HA ARI Hi Wb T LI NS Pere ON KS NE IM 
7 0 IO Med 7٩۰ ۱ ATA tf TUE A E HN EA bd TM uti jn xn 1 n Kn LB um RA MIX fat ee" ATP ESI n a DI ۳ R SÄ 
eo DR MT DOM ER EI O KEL KILO TEE rE MOST AADI EUER E IER AKSK so » ps Pal ees Y py ies 
de ti 7۵ ۹ HA at CET Su 4 he Q Pt. > P Q Cyr) e Spero de : 
4 L jälk Hu DD LIP HOT. hh eb à Pty ST t 0 E رز‎ E 4% 14 ti و‎ # 4 
HI m en Ln MAI MMA A tha PA STA HET 5 E Aes DE LI V 
Er m KÄRNA NATISI r a dU. $n wins A Te LA Sie mo = Ar JA CET 
h MCN E 3 ie 


1 
PE INA 

PI “ra L. HII ۱ CTAT POUCA SELES RP ۰ ۹ hi wrdeat iti 7 "71 Hi Tho 
- ^ 36 TET î. ji Tut RT 3° FUEL RE ge 7n 0 لد‎ teas. HST SIT 

] r ^ PN SE nts TT TNT TEES INE ITO Li SACI OE Fut CREEA S 
" H eri im (PEA TR TR" PHP AI A OIT Dim EE 0 اش‎ D du 
€ 
de 


A 
- 
n A 


E CELTIE i, IRE eh 1; EMKO DEOR ise TOUT MEUS n 


E 
Tm 


N 

man MLO m HACHETTE UO MO" nml gun 4 

A ' p D LT YR KID YETI O A TEE ' NITE us 

LI H ““ d He ITU MI "NP nu UTE 1 E (KE 

vl TO Et st sl nno , ati ۵1۱۰ ۰0۱ و۲‎ ES ol ¥; nre 

MIK, E A TAA] sols ۳ D HU 68:1 هء‎ me Hk 

+ KETTI SIGA ET t ME Pus q oo alte Cina a s à rto ng 1 s Ima mi. Mie 
T ol 0 9 ۰ Mire 41 t 





و 
iE‏ 


PH ۰4 ۱ 
t USC ^ 
d. DE (۳ UE 
U n S Ar edile M 
URL. 







TE "nne 
10 dd ds 


«ie 

p "UT tot geen m W Lin Ds 9 a1 Pa ud ‘al, 

II RE L Tn IET f XEM KA viens m jos: A ری‎ Ios ای‎ È y تا‎ LU u^ ae K A sears MOLD. 
"TW و‎ kS PALI PISO ۳ E Mar P A v NE Kyn wj n ne y Ho h) vA Ks) 

j ] na ls ES 9 ADA 1 nt Miss iis yt. TH ۳ Sf D HN H A m b ti DUEB Ei DINE v DE "i a 21 um مد‎ 

ç E an slittino Fa do: KAI ih; elias ht J t HA ; AA 04 m ID Ped ۳ 5 nu ne oE X Vatan Kaak Ja e. Sir 
۳ nm 1 TH gts 0 ENKI 011 J E HRD Aa jt rus N e SA A hata Derim RS ^ e 


MEETS 
deo 
Ed 

E 

Pig 





۳۹ 





41 vh AT ys [K [K E ELITR ae HE NN OTTI KATKISE 
LE 


n^ r {lyase IIN E LIRE yee TAA 4 عدا د‎ ۸ tau ad ۹۰۸ "I 





p ۱ 
P TAB h Fei CUS HP ad n iy Mk RULE 
I 


1 
0 1 زا‎ 1214 t TU 1di H, m TUO iri v P EAT t (ett; kh RS PT T Sante k D^ HES 
i ۰ ٩ م‎ "MR: Levi ی‎ EEIE EDT. PITI! PEATE PE ی(‎ NO ۵۱۶ با‎ EAT M TOS TAY KENA KRMK EDT EE e N HESA A d 
t ری رز یر‎ 1 erq) 1 ۳ ۳ "unt devient KR vei CON TTK TATA H i AI Sout nn) y REM MIKU siem tase LEA E Dal OD D RAI PRASSI 
و‎ OHH RUE AERA MEER TM MLD RSME N IA تا‎ MEAT Qs REC A تا‎ E i oa EE a O DOR SIA nie CLR = 2 
n ron E RUE OER HONEA E DOR A Does و‎ 3 CH Ë els A mat tane Rasa TU 
Tum rers, X M ETE hs itu AM PUU Mutt HEH du 1 A EMIL NUS ا‎ ` E tis Ae o ts ی‎ 
و و‎ 133 Hatte] ENKS 
id Br XX RA , 
ret 


TO | 


ob ete و‎ vie او‎ TM TA UT Bi Huk No TUN 1) "TM U 
LAI 





0 disque k "ng K Ja 5 Y TSP: 1 en e v^ je OTT EUT U 0۲/۶ 400۱*۲۰۸۶ ۶۸ ۰ و وه‎ ۰۰ 4 
x b 4s Y, è L 68 fà tu ۱0۵ ۱۱۷ ds ام‎ a 0 BOR 9: ۰ M gets girati eh DEM "eec E 44 d 
me 1 t AM LS M ETE ROT) We et MeO LOS NE] E D E t. MN ETA ETT] 1" 
tra or do TELLE TAA TTT O PA PII ny 11 KN I M HMU K MY 45 n Leer P 
- Urna da an NI ١ ES STRE ERE "EET ule DET In REDE "t TR AAA HELPS A " شآ مر‎ Us M) i AT I 
t Hi, Mer E Pe (tee 4 itf, ل‎ (Ur 19110 OCD UN ۱ M ee" L T Ou 19 vo i , ries 1841 oa 1404 A Kati و و ود يعات‎ JI 
ادا ی‎ ۷ IITTI U ning BUR KIN { al 
P f B 


4 
MN ti arret un jala 1 friefe! y Tyr دا‎ ests es 
۶ ۰ T mis rte .4 if #4 i KE a ۷ vni E 4, q 2" E dé En OH E hä kN ^ HA B زا‎ QUE OTIN RE ord ERA arana Bi n HERR ME ی‎ | n n pd Lob EN kin än 4 ah: 1 
ta Pint ET یاب‎ dit RABE Tent 2 








fe qom, 





KS! 
[A 
e 
a 
DI 













Ky! 











e 
0 












EPA EAR‏ ی 
t YESI m h‏ 4 : 


ARMORY ql 1 L eoe duet اش وس‎ hy n 
H 









n 
= 
E 
۰ 
- 
>= 





۰ j 
e E Ta RRL : 
A TAO 








E 
























ا 









اد 








1 
e I 










täh AM 






T ha et an 7 "TEX 2 r i ۳ KT HS IY EMT “Y NA lg L الل‎ sip ۱:4 3 tanse’ > nz 00 aa Hee MU E 9 L HHN ایا ی‎ AT teisit NM deu hin 5 PAAR 1 4 $ 
s qo trii BERO TS Ue AS CICERO PR IO HE HE ESK Pu PE ان‎ E RRL ad i ی‎ a 
t n € 0,0 tex * A 1 (10 ھآ‎ ۱ J W E W HOT 0 1 HE P aH BR el in hort n T SUMIL m ME sali A D tal de de, U un t A PIRE bi TEE TEN reid i AA te E وه‎ AR pra " att” er 
m è tor OM UL Qf ۷ ۷ ۰ ۰ OH ae orn 1 1945 r HE ERA ۷۶ ۰0۰0۰ ۲ LH EG HERAUS MIL hd OU. H tat DIA را‎ TN o A RU i MD Val CACIÓN Y a K 
3 E NOTTE : H HP AA 4 b MEN = he A l 60 ۲ ug Ch 0 T 0 
i RILAN a 1 ا‎ E ek 1 Ñ: ROMO EVO ITALIA Hi BA ENS RUN T SP MNA 1 f, Virg MEE rA IE EE TRL nt KUUN PD 
mn PO m ل‎ Cee eb EE "m NAL ‘ato 01 ut m TL ma Kok 4 r i FAS 1 TYKI E mE Hn ATL fit 4 EM و۳‎ Apu AI pon mp FSA «94 PALM TORIS EIU 4 Mo Hi uy 2 r cj DES Pr 
POO PULLON fea neg ۱ ۵ KOM ANT “4 ل‎ ELSA AT U EIKAI اي ا‎ ey | A ار‎ MELU) KS 4 tu HEU m Ub at VA MLM NN CALA RU RCM E AG a td TA WE WR ku NE KA: Lä L wy hk: Ma 2 Re EA N 
$ CO O POT dr . HN ns ot TA UR CILS LI I PAT O A أت اوري ب‎ LUKU 1 us ko M Ri Wd T ipu E n Vet TAR (EU 
KKI KN m EE: 409 "S "t ]ال‎ TTT rit IAEA Y DHT iH NI is LED KG V oh sa. Fh È b A1 a میت‎ = 0 
n A N A y 0 0 1 M i to n D 4 1 H e) áo wfs. T TS | DT 41 (497 AE Fo aa 4 ۳ Lm [IDE SATIRA " bi E AK Vu d LEA Ayka a NS Fides ECOL ی‎ HUP YQ È E ae E eS y Neo 
AAL I; KKI vei en RITU 1 " TE dir b CITI e Qu e INI DATE E ان او وش‎ ns i HE UM ED s e. ie N Pida Ps B 
A 0 T m اس‎ RC, Mh mi, [H RE EL OHI ate e . AGATUR t TÄN TE Pad MN nido A. و‎ 5 hhi UG OP s ۷ i NAA ty "s k p ET Kx m E ra kaes UN 
L URI rae Ki 30 COLA: M hd FI DEAE ole ela of 4M «i a A tel os steh RA LUDUM E دوز‎ hu Sain Do Mes UE Y Qr RUE 1 m 
ai ۳ 4 
T بش۳‎ ir yo da Gs 24) TRAEIN SN rdn Puni KA ATA DATO na M TE Vi Mh Ue e "EX E Tan ta RU TAA. N 
. - de Mos v Bec KOK a ui M € [E 167 H Th Ë A A Bl mo MELIA pe tà s A < site Sa PN: i" 4 te 3 p t vA] utpa LARA sci piel = m 4 
AAA E eS DP PEE 7 EU o Q N IET. Telan: s DAS W: reu ph: d Hu A PAARE ITA » 0 7 m FR. Nor n KE n PRU iy A vits cU d jos t Ay 
4 9 n Ruy FN tl bey EOI J KAL 1n Mes R Nine ool ^ سول‎ Rake PRYE TOA ی و‎ f n bis AC ADEM ME ; PU E h iti RI SEE. RE d p M 6 VERS ME KEY 2 HE g ae 
+ to š A CUTE: È ‘le opt shed با‎ sat i ی‎ 9 she ا‎ hits ۰ ۰ Nr PER f رم‎ ET Mg j^ en UM Xr. CARI e pai a ed 0 x 
P" .. ALAI 0 PT 2 MIL to M 2 E N بر*‎ ٩ ۰ PL " *w N N LITERIS . * * 5 ny 
M K roe O E i Pn D ۳ D KOK oT SC PUTIN mui KAOTA EN E Aa HOM uA is A Y mm oe x J n: N ' تا‎ o uu E iS nus o 
0 KON y SM ET b T 5 , VÄED + ( È 
`: à | Hs P t i‘ 2 ۳ a 2 MX à EUM KE KATS 84 HET ی‎ TAE N: KER SAMA gr n Uh Tika t ig’ Nut t se 
. [171] بهذ‎ rkr tel, UT $ m at H (tj n as M 5 Me 214.00, 5 ۳11 PK ۳ d " 5 Ki í m LIT] i M بط‎ 
do MC TEORIA Eo uU ۱۳ نس بل‎ LET USE SEA i ATUS, H OHITTI han ” t PE DEI FU ADT 2 
LE P TDI H ۷ ا و‎ ۵ 4 ass qv ۱۹ le RUE hn Gobi) ha Moa 6. 1۰۱۱۱۱0۸۱۰ ۰۸ HH b wig y. 1 A ` Lr) y v I Py 00" ا‎ 
] < vei : noy vr s y n je et aé qi6 6 p pin eot s ag tse Mi RANA iei "Th NS mun Ana ae ie ON Ms 0 9 QE REEL TAA t "AA 3 ar nt Ak nei FANS 
sis 59 viva NE 4 TS A 0 È K ۳ 110 em M BER M * رن هوياء‎ : ۳ d sai n 2 xt 1 3 
x O ts |y HE e» . Pu ماب‎ 4 M f° e) t 1 BE CEEL E 1 M En e 4 d TTT I LAE h y ۸ ed” CA 4 8 H Y. PL و و‎ M 6090 e i hy eas 3 hE m 
Cow FRE RRA EI Dre AU LA r E RR On Pu ttn ah HDD ERAT EREN t ai E AAA QU sr. m ASAS NAE S 
4 ۳ Ü jb: ¿t بل‎ " 0 E) PV ۱۵۰6 م۷‎ ۸ ns? NYC I akak tur) ar US MITTEN ghi UA تن هی‎ p 5 E a) t ki $a 4 sco m 
vod a TRO OO AAA de ee ue SE ET H TN Eire if Se Nn m i re ره‎ AT DH 
"HOME ۰ 0 ۶۱, + ا ۵ د‎ O: de " 1۹ DID n N [Pt Ob n OA KO n Ta TRE a aiuti M K 4 a ass [ex Sets LR aX 
N MAKUU "ol + Jj "Li +١ E ade ۷۲ Ki TD, 1: HL KL i m 4 M UE 5 T MAA del Ue = iy? at! RT a KUDA ARAR E ۷" A 1 huusi >, 
TT ALAT TTT FORLI M e uni IDA m ja Vn D "uh MIL ora N TT ki رز‎ SER T aa E EI Ao ipa M e H Aja a Wh Ns purum 2 zm 4 
YL n a و را‎ II Ud CRT RETE Y x EM 00 ۳ SN ih d ji i Tus اس‎ I EIS Ene t سر‎ TI s z 
HAI 3 T I MSRP LLL E 0 E D , EL Jun P KIK nn PES IM x ti poma Ro 
ut tine O Si a T KN A 2 m “, N i HS J Pal FALTEN E ton P9] n N HT E NE m pato rT zem anal 
: 9 ; HE diu. ih gi e TA, = 
ل‎ PCR E UN tse ISO OLIS TAKKAA] Ru 0 en o ye ig ih ERA AS S err d SARNAST sss — ay 
A 1 LOGI AT ۳ A ۱ 1 ۵10 و‎ + WILDE T +. AA NRI: CERE H + Ra eMe iris dd iS a wi bicis D 
MEN Al s J لي‎ Sd ri, M 2 A 4 TES Sx p i Hh ut وا‎ Me EA t Pr K a AJ ta KR 
N 0 ULI ۱ ۳ 4 b RU eu! DIDI Ma A AAC M P M Senta ithe f M ij a ida] 
EIN IN وا‎ 4 ì RETRAITE Den Ad i T eig RAN Y V adm Ni dE ۸ “ LA 
ty EL ” a TUI fe d USE 3 E n du! m "D ui " 4 e N + ° 2 My E 4 IRAY: ns <j ha rob ee k ¡444 Eb mL PA Ln 
لاك‎ ۳۵ IA SEN O A x HE es yi HURRY = ASA: LANDE EN KS AS i M 
n MUNERE: 0 cid 


۳ U90 ny LIT ۱9۱ HE HÄKIN 
RAFE I OMA الوا ل ا ا‎ DELE dut 4 pon AA TUE CGU m SEISA AEA PER 
y à H HET Mi pra ZU Mi HHI LEM 4 A ent: ju RM no REEI 
ve < Ha Or in am |: T myötä ME fy " UTES S TEAN D ۳ i, لجار‎ 1 ‘ RP * 
Se RR RS AA E R EEEE AE ate RGM RR EM Ee LL A HN sio ja ره ی‎ Dus n BOUM ی‎ TA n ال ای‎ = A ETATE 
s e > 
E 
b + dii PRO T HKH et ME AM. ER 
` MILI O و‎ TAI ki andvad 93 ۰ 8 
e El veda v ee CAE ET POPPER Pint YLTYY D IO PTY DIR) / KNS el Mp FU DD ME UT paio MIA a ue "n SOS. e fer t LE, 
ja EO 7 sin M "hat SML وا‎ pL a TAN AKSI "Hs Loto LS Pn t HA 1 يا‎ hy M AE EOS Vers ju SEM PAAL 
i 1 [ VA |] 4 r are DI te N 
ois pn 14:n OE EE? RA CT rahi MIK OTT! .و‎ Fie Í nonus TONS KALI NE] NAM DELE a MA AS cui is e) 
4 EM Pay d A RA 5 H بط‎ A ure 5 du: Js PT M P PIS JA 1. D 4 E ۳ LS MU id fio tte HRR E ME PUE IHS rr te E TL LX! N An ona 1 SS 
11 N] 
ja m ا ل‎ VONTI CISTITE A » ani 4 WT: JY WU os € با‎ mann a bs ون‎ i 
m i A pH تسش‎ ۲ sd dett Kp Jne MIK ki A AXE JAA Vite gf VOTO Yau i Ki mie n” done ati ARPO ul La Num as” 
] A "TH n, Y ear ۴ n A sd t rest p 4 NIE "n hes 1 A o ME MI] NI nate td EXP a iinan KAIA ERED n^ DIA Cu irn he 
۱ sara] 
jaksi M "e, % ELO 1%» | a VE. Pu W hii 1 (pea 53 Ur 
IL ۷ JAN) A “4 NEON TETY] ؟‎ _ ay HI MRS ا‎ m UT k KEN J X HT nnb "am Hä Me N dia m : md 
fi , TAINTA 
ON LKKA TYI] e 417 t 104 > yt 
oN Meee TERA ToT On kaart ar RT? j ¿UMU LHD LG IS UAT O UD AT Dac E ALB ل‎ E v 2 H P ui VR š A SONA E p s rS. y kd d 3 ux mas rM. a 
dg à a 4; IU ee 3 HK ñ i LIE od a ed vr اط‎ EN up SAL | inan pa Mash Mm SOS Lh. 
TENDIT ۰ ۱ ۷4 JHN te é 
۱ SE X 
" با‎ t au %4 | 10 vot ROSANNA nd: ih Y Don Me 
: E c DOLES N YOL pA 5 EI . 
م‎ puis اال‎ DE TU و‎ "TEM ۲ N i , zi "44499 hata 3 jos 4 r 





4 


M) Y fay ARRI TED ON fuse RI YES HNSI un Re pt uil 
EEE. N bets Jakin ARD يا الا‎ ! ASIA CHER 0 fats = = uv. 
bert E yi Mte pies وی‎ AEN HHN AK MAH US Mee DIEN nns Jn Sia qum p DE E PREDE 0 aur m uu 4 E 2d m N 
Tri Ped i i BM bao AE n^ ESI Eam DI دای‎ ۳ ni A EA 4 m ud ب‎ Pu UNION = مت‎ a d 
M > K N T 1^ tts x t [127 om (3) J d 6 Vo N. Hi Wa 3 nta ME qM m dA ja N ATS a IA x Ree Seca ae bs 
E Se ea SAP AS — SE ms Si | = 
di A ie) و ود کو‎ 
> ELE Pr] Tan TOM ait ا‎ RET TOR KUNKIN vue chen Y eS 
ae pa adt ma 
"E 


4 4 N JA E E 
PAM ENTE AIE Po E NEN 4 rc 


a hy ipm "4 M KD ] 
P و‎ i Eon 1 H O A bı j Ae n d 2 mu no O rt AREE ف‎ = w ou س‎ 
E ی و‎ o i REE im K d S == bI EA = 








d 0 7 E Ru LIC 14 
TA M Xt 
i "n 4 15 1 ۳۳ «i `“ 
v 4: N Teig 
۱ 44 M UL 1 AN NL 
T e ET i mes AA SNR 
5 ١ ` pn E "I tn p No Al iu v vitata ۳۹ 4 Dn 
de 2 ` 
c TAN E KK ate 4, Ws ted ne "m KT HOT PIGS i 
"n % ۳-15 MD LI un 
"uv AAR DTT KDN nr 0: MA MAKIN < 2: uis idi 3 Hai ae" 
e“j0 US < لزلا‎ ATTA TT ud (ME ۱ sí AL LEN y Dn 1 n eA m 
"m li ^n" yt 
A 


21% 1° M - ۶ م‎ » 0 ۰ 


< 
GGE Per MO "n بل‎ H (v h ww Ricci ups E 
MUI vy H VAS HE A AS AN EA ی‎ d sine A e 


MECA varvid p 


par 


va 5 ete KLIMIN ELET aye 
3> و‎ N 0 pi, 4 
O O N OC OO E 10 





ا 





k JA . 


DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOI 
MONTEREY CA 93943-5101 








NAVAL POSTGRADUATE SCHOOL 
Monterey, California 





THESIS 


INVESTIGATIONS OF A SINGLE POINT 
TEMPERATURE PROBE FOR MEASUREMENT 
OF ATMOSPHERIC TURBULENCE 


by 


Cloyes R. Hoover 


December. 1991 


Thesis Advisor: D. L. Walters 





Approved for public release; distribution is unlimited. 








unelassitfied 
SECURITY CLASS FICAT ON OF THIS PAGE 






REPORT DOCUMENTATION PAGE 


1a REPORT SECURITY L. ASSIFICA"' ION 
UE lT ELLIE 


2a SECURITY CLASSIFICATION AUTHOR: TY i DSPTRBC SOR AVA AUT TTE E 
approved for public release; distribution 
unlimited 


2b DECLASSIFICATION DOWNGFADING SCHEDULE 


MONITORING ORGANI 


4 PERFORMING ORGANIZATION REPORT NUMBER(S) 





6b OFFC* SYMBOL Ja NAME OF MOR TOPINO ORGANZA 


(If applicable) 
PH 


6c ADDRESS (City, State, and ZIP Code) —— Ib ADDRESS (City State and ZIP Code) 


Monterey, CA 93943-5000 Monterey, CA 93943-5000 


6a NAME OF PERFORMING ORGANIZATION 
Naval Postgraduate School 





Naval Postgraduate School 











PROCUREMENI 





@ L LI ICE ISYIVBOR INSTRU ZE 9 


(It applicable) 


Bb 


8a NAME OF FUNDING «SPONSORING 
ORGANIZATION 







8c ADDRESS (City, State and ZIP Code) 






۲11 ۴ (Include Security Classification) 
Investigations of a Single Point Temperature Probe for Measurement of Atmospheric 
Turbulence 

12 PERSONAL A J THORIS, 

Hoover, Cloves R. in conjunction with Donald L. Walters 

13a TYPE OF REPORT 130 TNE COVERED EA ع‎ AE ار‎ 


Mastori e thesis ROMA December 199 
Pr 


e UPP THE MES EXPRESSED IN THIS THESIS ARE THOSE OF THE AUTHOR AND DO NOT REFLECT THE OFFICIAL 
POLICY OR POSITION OF THE DEPARTMENT OF DEFENSE OR THE U.S. GOVERNMENT. 


COSATI CODES 






















‘Year Month Day) 












18 SUBJECT TERMS ¡Continue on reverse if necessary and identify, by block number) 
Single point temperature probe, atmospheric optical 
turbulence, spatial coherence length, isoplanatic angle 















19 ABSTRACT (Continue on reverse if necessary and identify by block number) 
Gradients in the index of refraction caused by temperature fluctuations create opti- 
cal turbulence. This optical turbulence greatly degrades the performance of imaging 
land laser systems operating in the atmosphere. There are several methods of measuring 
¡optical turbulence in the atmosphere, but few give a high resolution profile of the 
turbulence at all levels displaying the "layers" of turbulence that exist. 
This thesis is an investigation of the use of a high speed temperature probe coupled 
with a VIZ 9000 meteorological system to measure the optical turbulence in the atmosphere 
4 


N y^ - "1 = = b = PA na — 1 m = TE + ` JE - _ i š - E: += š J = 1 T E 7 =, 
from a ground base to ¿PDA mo te [N a km. The prdöcessim OL the. data is tone DW a 
n 











25.27; 


program developed as part of this research. The outputs of the program are rer i,, C 
as functions of altitude. 



















ABSTRACT SECURITY CASS 


20 DISTRIBUTION AVALABILTY OF ABSTRACT. 8 
unclassified 


PI UNCLASSIFIED UNUMITED LI] same AS 











22a NAME OF RESPONSIBLE INDIVIDUAL 


220 TELEPHONE (Include Area Cod 












D. L. Walters (408) 646-2267 
DD Form 1473, JUN 86 Previous editions are obsolete Rav ei 
S/N 0102-LF-014-660 3 unclassified 


1 


Approved for public release: distribution is unlimited. 
Investigations ot a Single Point Temperature Probe 
For measurement of Atmospheric Turbulence 
by 
Cloyes R. Hoover 
Lieutenant, United States Navy 


B.S.. University of Michigan,1984 


Submitted in partial fulfillment 


of the requirements for the degree of 
MASTER OF SCIENCE IN FPHYSICS 
from the 


NAVAL POSTGRADUATE SCHOOL 
December 1991 


Department of Physics 


ABSTRACT 


Gradients in the index of refraction caused by temperature fluctuations create optical 
turbulence. This optical turbulence greatly degrades the performance of imaging and laser 
systems operating in the atmosphere. There are several methods of measuring optical 
turbulence in the atmosphere, but few give a high resolution profile of the turbulence at all 
levels displaying the "layers" of turbulence that exist. 

This thesis ts an investigation of the use of a high speed temperature probe coupled with 
a VIZ 9000 meteorological system to measure the optical turbulence in the atmosphere from 
a ground base to approximately 25 km. The processing of the data is done by à program 
developed as part of this research. The outputs of the program are r,, 0.. and C ` as functions 


Gl altitude. 
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I. INTRODUCTION 

Since the Space Defense Initiative sparked a push to use laser weapons in 
space, many scientists have devoted their attention to the effects of propagating 
a laser beam (high power) through the atmosphere. The problems of 
propagating a laser beam in the atmosphere can be broken into four basic 
categories of detrimental effects [Ref. 1]. They are: absorption and scattering by 
atmospheric aerosols, stimulated Raman scattering, thermal blooming. and 
optical turbulence. It is important to note that all of these effects depend not only 
on the state of the atmosphere but also on the wavelength of the propagating 
beam and the mode of laser operation (CW or pulsed). Significant absorption 
of incident radiation induces thermal blooming when the absorbed energy alters 
the atmospheric index of refraction. At certain wavelengths, such as around 
3.8 um, atmospheric "windows" exist where absorption is lower. Raman 
scattering is significant only when the peak power is sufficient to induce a 
nonlinear index of refraction in atmospheric nitrogen and oxygen, inducing higher 
order harmonics of the propagating wavelength [Ref. 1]. 

At shorter wavelengths atmospheric turbulence and scattering tend to 
dominate the beam propagation problem. Turbulence scrambles the phase of 
a laser beam across the wavefront, thereby spreading the energy over a larger 


solid angle (pradians to milliradians) than would be expected for a diffraction- 


limited optical system. Scattering from aerosols spreads the energy over very 
large solid angles, on the order of one or more radians, which severely degrades 
collimation and reduces the beam energy that can be delivered to a small target. 

When light propagates through a medium, the local phase of the wave 
depends on the product of the index of refraction of the medium (n) and the path 
length between the source and the point in question. It is known that the index 
of refraction of our atmosphere at a given wavelength is not constant because 
atmospheric density is not constant. Some contributing factors are the decrease 
of density with altitude, differential heating by the sun, turbulent wind flow, and 
convection that causes localized inhomogeneities in the index of refraction, called 


optical turbulence (small variations in n). The index of refraction in air is 


n = 1479x1075x— (1) 


where P is atmospheric pressure (millibars), T is temperature (kelvin), and the 
humidity term has been ignored since its contribution is so relatively small 
[Ref. 2]. Consequently, light that originates as a plane wave becomes a complex 


distorted wave after propagating a finite distance, as shown in figure 1-1 [Ref. 3]. 


RESULTING 


PLANE 
WAVE TURBULENCE WAVE 


Figure 1-1: Effect of Atmosphere on 
a Plane Wave 





There are several systems designed to measure optical turbulence. 
However, there is a need for a system that will produce a high resolution, 
accurate vertical profile of the turbulence verses altitude. 

This thesis continues the development of a single point temperature 


thermosonde system to measure the vertical profile of the temperature structure 


parameter. 


I. BACKGROUND 


A. THEORY 

From the arguments in the previous chapter, it is apparent that analysis of 
a laser system that propagates a beam from ground to space, or vice versa, 
requires an accurate understanding of atmospheric turbulence effects. Although 
these effects are random and complicated, statistical quantities can describe 
many of the relevant phenomena. A successful method that has been developed 
for such analysis uses structure functions to quantify the statistics of atmospheric 
turbulence (rather than autocovariance or autocorrelation functions). Wavefront 
phase distortion depends on localized differential variations in n, rather than upon 
those properties that are common to all portions of the wavefront. Therefore, 
structure parameters are inherently differential in form. A structure tensor as 


defined by Tatarski is [Ref. 2]: 








Bi E) E E AA (2) 


where the angled brackets represent an ensemble average. 


By making three assumptions [Ref. 4]: 
1- Isotropy, so that only the magnitude of r is important, not the spatial 
orientation of the measurement 
2- Homogeneity, which implies that a change in position does not alter the 
statistical properties of the turbulence 
3- Incompressible turbulence 


then: 
DE EN (3) 
and 


r=] r-r. | ١ (2) 


N 


Furthermore, by the Kolmogrov theory of turbulence, as long as r is within the 


"inertial subrange of turbulence" [Ref. 5], then 


Dal ed (5) 


where Cf is a structure parameter. This inertial subrange of turbulence is the 
range from the small scale 1, of turbulence to the outer scale L,. The small scale 
corresponds to the eddy size where viscous dissipation increasingly consumes 
the energy in the eddy. The outer scale corresponds to the largest scale size for 


which eddies can be considered still isotropic (see figure 2-1)[Ref. 4]. 


Figure 2-1: Hierarchy of Eddies for 
Energy Cascade 





For temperature fluctuations that follow a Kolmogrov spectrum the temperature 


structure parameter C,° is [Ref. 2] 


ci , (6) 


(r,-r,) 2/3 
where T is temperature (kelvin) and r is distance (meters). 


Similarly the index of refraction structure parameter is [Ref. 2] 


Gú = < I ee , (7) 
(enr 


1 
where n is the index of refraction and r is distance (meters). Since atmospheric 
turbulence pressure fluctuations are small, the pressure term of the partial 


derivative of equation (1) is negligible, and C? and C, are related by the 


temperature partial derivative [Ref. 6]: 


c? = C (8) 
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There are two statistical parameters that characterize the effect of optical 


turbulence. The first is r,, which is a coherence length. It is a measure of 


transverse spatial coherence of wave's electric field [Ref. 7]. In the absence of 
turbulence, r, is comparatively large (see figure 2-2). The importance of r, is that 
it describes the spatial resolution of an optical system. It is often called the 
"seeing parameter" or "Fried's parameter", and it determines the effective 
diffraction limit of an optical system. A large r, is desirable if resolution is to be 
determined by the characteristics of the radiating aperture, rather than by 
turbulence. 


In the absence of turbulence, the resolution of a diffraction-limited system 


060, = == , (9) 


where O, is the angular divergence of the beam (in radians), å is the wavelength, 
D is the aperture size, and a is a geometric factor of order unity. Beam spread 
decreases with increasing aperture size D, until D reaches r,. Further increase 
of D beyond r, does not result in decreased beam divergence; the system's 


angular resolution stays constant. 


PLANE RESULTING 
WAVE TURBULENCE WAVE 


Figure 2-2: Symbolic Projection of P 





Typical values for r, are 5 cm (day) to 10 cm (night) for 4-500 nm [Ref. 8]. For 
a plane wave, r, depends upon the path integral of the index of refraction 


structure parameter, C^. From Ref. 6 


È 
r St te 0) (10) 
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where k is the wave number. Equation 10 shows that r, is proportional to 1%. 


Another related parameter is the isoplanatic angle, 6,. Whereas r, is the 
spatial coherence length, 6, is the angular coherence length. |t defines the 
"cone" in the atmosphere where turbulence is effectively the same for different 
angular paths. As with r,, an optimized optical system should be characterized 
by a large 0,. 0, can be found by two methods. First it can be calculated by 


knowing C, along an optical path [Ref. 9]: 


O 


E 
0 = [21054 s ا‎ ۱ )11( 
0 


where z is a path length in meters, or it can be measured by scintillation of 
starlight caused by random variations of local irradiance induced by turbulence 
[Ref. 4]. By use of equations 5 and 6, a balloon system with a high speed 
temperature probe can measure a profile of C,* from the ground to approximately 
20 km above the earth. This profile can then be used to calculate 0,. Comparing 
optically measured 6, values to those computed from a balloon system will verify 
the accuracy of these measurements [Ref. 10]. 0, also has a A"? wavelength 
dependence. Typical values are 3-10 pradians at A = 500 nm [Ref. 8]. 

Both r, and @, are measurable parameters that determine the effects of 
atmospheric turbulence that degrade the collimation and spatial coherence of a 
propagating electromagnetic wave. However, r, and 6, are independent of each 
other. As equation 10 shows, r, is equally weighted along the beam path. 0, is 
an indicator of higher altitude turbulence, however, as the z^? weighting in 


equation 11 suggests. 


B. SYSTEMS REQUIREMENTS 


1. Processing System 
In 1989 the Naval Postgraduate School began development of a single 
point probe thermosonde system to obtain a C,’ verses altitude profile. The main 


processing component of the system was a VIZ 9000 meteorological processing 


system that utilizes VIZ 9000 digital Microsonde ll thermosondes attached to 
weather balloons. The earlier version sonde (1543-364 Revx6) has 8 channels 
to collect data, but only 4 of these channels are used by the VIZ system for 
meteorological data collection. The remaining unused channels are used by the 
NPS group to measure the temperature of the atmosphere with a high speed 
thermistor probe; however, only 3 of these 4 channels were available for 
measuring temperature due to manufacturer design. Newer version sondes 
(1543-168B) now have all four spare channels available to measure temperature 
with an added probe. 

The earlier NPS single point temperature probe systems used a 0.5 x 
0.5 mm square Thermometrics thermistor flake. Since this thermistor proved to 
be too slow, this thesis concentrated on a faster probe [Ref. 10]. A5 mil VECO 
thermistor probe (page 10) was connected to the thermosonde PC board as 


shown in figure 2-3. 


11 10 9 
e © © 


+ LEAD TO 
PROBE 


—— SPARE 4 
SPARE 1 
SPARE 3 
SPARE 2 
5 VOLT SUP 

Figure 2-3: Connecting Probe To Sonde 
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The VIZ 9000 samples 8 channels every 1.23 + 0.01 second. These include a 
calibration signal, pressure, temperature, relative humidity and four spare 
channels (1 through 4). With the exception of the pressure channel, all of the 
measurements are resistances. The sampling time of each spare channel varies 
from 32 to 53 ms. The variable time is a consequence of an algorithm built into 
the MICROSONDE Il sondes that compensates for the 10* to 10” range of 
resistance values normally encountered. The resistances measured by the 
system on the unused channels are stored into a computer file at the end of the 
flight and then are converted into temperatures. 

System noise measurements of the older version VIZ microsonde || 
were done by NPS November 1990 [Ref. 10]. Table 1 is a summary of the 
measured system noise for the new version sondes. Fixed resistors were 
measured by the sonde giving total system noise expressed in terms of the 


standard deviation of the resistances and equivalent RMS temperatures. 


TABLE 1. VIZ MICROSONDE ll SYSTEM NOISE 


Resistor (en 3) (0) | o (ch 4) 
48 ko 3.9 dx 55 
=0.005 K =0.005 K =0.005 K =0. ie K 
43 kQ 12.0 11.8 11.1 10.9 
=0.008 K =0.008 K =0.008 K =0.008 K 
100 kQ 21.8 20.7 21.1 22.4 
Aa vor =0.007 K =0.007 K =0.007 K 


1 M 345 351 | 328 333 
=0.012 K =0.012 K =0.012 K =0.012 K 
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43 k0 12.0 MES 11.1 SS 
=0.008 K =0.008 K = 0.008 K =: 0.008 K 
100 kQ AS 20.7 21.1 22.4 
=0.007 K =0.007 K =0.007 K =0.007 K 
1M 345 354 328 333 
=0.012 K =0.012 K =0.012 K =0.012 K 


2. Thermistor Probe 





After trying many different probes, the NPS group has had the most 
success with a 5 mil VECO thermistor probe. Figure 2-4 is a diagram of the 


construction of the probe. The response time of the probe was found to be 


(12) 


EV 
T 


where 7 is the response time (sec), A and B are constants (A = 0.00758 msec’ 
and B = 0.0077 msec'-sec°°/m°°), and v is the wind velocity (m/s) across the 


probe. 


\ 


3/16" DIA x 12" TUBING — 
EPOXY SEALER 


422 SOLID SILVERED WIRE —— 
5 mil VECO THERMISTOR 


Figure 2-4: NPS Single Point Probe 
Construction 
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Figure 2-5 shows 1/7 verses v^? for wind velocities of 0, 1, 2 and 4 m/s measured 
in the lab with a chopped Halogen lamp illuminator as a heat source. The 
response time for the probe for an average ascent rate of 4 m/s was 45 + 5 
msec. 

To calibrate the probe, a method similar to the Steinhart-Hart equation 


[Ref. 11] 


(13) ترك ملام 2ك مله + كك asb(in‏ 1 
T 7 lo 7‏ 


was found to work best by NPS in June 1990 where a, b, c, and d are 
coefficients and r, room temperature resistance [Ref. 12]. The method uses an 
in flight calibration of the probe with the VIZ temperature sensor as a reference. 
A least squares algorithm computes the coefficients that are used to convert the 


thermistor resistances to temperatures. 
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Figure 2-5: Probe Response Time 


The structure function used to calculate C}? in equation 6 is sensitive 
to the response time of the probe and the 32 - 53 msec integrating period of the 
A-D converter that is used in the VIZ system. Therefore the structure function 
over a limited scale length becomes [Ref. 11]: 


sin(kt,/2) e 


14 اصع 
d‏ وس (kr,/2)‏ 


b 
cc eA f'sin2( A eoo 
Xr, vg -4 [si CK | 


where a is 2rt/L,, the limiting lower frequency (outer scale L,), b is 2rr/l,, the 
limiting upper frequency (inner scale |), k is 2/4, the wave number, t, is the A-D 
integrating time, o is kV where V is the wind velocity (thermosonde ascent rate), 


and t, is the time constant of the temperature probe (the upper frequency cutoff). 


The ratio of the filtered function to the ideal unfiltered structure function 


Dito) | D (15) 
D(r,0,0) D 


gives the degradation to the calculation of C,° due to high frequency filtration by 
the probe. Figure 2-6 shows the correction required for different separation 


distances between temperature measurements for different probe separations. 


THERMOSONDE PROBE CALIBRATION 
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Figure 2-6: Probe Calibration 





3. Computer Program 
The final component of the single point system is a computer program 
written in compiled QuickBASIC 4.5 that uses two converted binary to ASCII VIZ 
flight files as its input. The first file (flight MTX) provides time, temperature, 
pressure, humidity, spare 1, spare 2, spare 3, and spare 4 resistance data. The 


second file (flight. MDX) provides time and altitude information. 


A 21 point running mean is applied twice to the altitude data to remove 
the pressure sensor noise. Several different filtering methods were tried, with the 
double 21 point mean giving the best results as shown in figures 2-7 through 
2-11. Next, the resistance data from all four spare channels were converted to 
temperature by the method discussed on page 12. The temperature differences 
from channel 1 to the next data measurement on channel 1 (spare 1-1) were 
calculated along with r (the distance between the measurements) and C,^ was 
computed according to equation 6. C,^ was next used to calculate r, and 6,, 
using equations 8 and 9. This same procedure was repeated for temperature 
differences between channels 2 to 1, 3 to 1, and 4 to 1. Summarized, the times 
between temperature measurements where found as follows: 

1) spare 1-1 2 T, - T 


(1.23 sec apart) 


1i+1 


2) spare 2-1 = T,, - T,, (=0.05 sec apart) 


3) spare 3-1 = T,. - T,, (=0.10 sec apart) 


4) spare 4-1 


Il 
a 


- T4, (=0.15 sec apart) 


Uo 


TIME (sec) 


SONDE TIME \5 DELTA 7 
LIGHT AFOG 20 





Figure 2-7: Effect of Noise in Pressure Sensor & Altitude Data 


TIME (sec) 








DELTA 7 


Figure 2-8: Effect of 5 Point Filter of Altitude Data 
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Figure 2-9: Effect of 21 Point Filter of Altitude Data 
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Figure 2-10: Effect of 31 Point Filter of Altitude Data 
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Figure 2-11: Effect of Double 21 Point Filter 
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III. EXPERIMENTS 


A. PROCEDURE 


1. Maui Flights 

The mission of the Maui trip was to aid in site selection for a proposed 
Air Force, 4 meter telescope to be installed. A series of acoustic sounder 
measurements and balloon launches occurred at the Air Force Maui Observation 
Station (AMOS), Haleakala, Hawaii between 26 June to 2 July 1991 [Ref. 13]. 
Additionally, the 1.6 meter telescope with the Itek Compensated Imaging System 
(CIS) at AMOS gathered stellar image full width half maximum data. The NPS 
group also launched single point probe thermosonde systems on 28, 29, and 30 
June 1991. The 28 and 29 June flights used the newer (168B) Microsonde |I 
sondes, while the 30 June flight used the older version (Rev X-6) sonde. 

Al three thermosonde flights were launched after sunset 
(approximately 2200 local time) to avoid solar heating of the probes [Ref. 10]. 
At the time of launch, the NPS group did not know the new version sondes (28 
and 29 June) had different electronic configurations than the older version 
sondes, therefore the probe wiring was connected similarly to the previous 
sondes. [his became a problem because a resistance voltage divider and diode 
had been added to the circuit connected across spare channel 4 to monitor the 


sonde battery voltage; the 30 June flight however, being an older version sonde 
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used in previous NPS work, did not include this circuitry. Although the resistance 
divider and diode contaminated the results, particularly at higher altitudes where 
the resistances are in the 100k to 1M range, the lower altitude data was not 


contaminated excessively. 


2. NPS Flights 
The NPS group measured @, optically 15 November 1991 from 2130 
to 2330 local time. A thermosonde system was launched from the roof of the 
Naval Postgraduate School's Spanagel Hall during this same period. The sonde 
was a new version Microsonde Il with the voltage divider and diode removed, 


however this launch included two probes as shown in figure 3-1. 


4 LEAD TO 
? * PROBE 1 
» + LEAD TO 
PROBE 2 
> LEADS TO 


> PROBES 1 & 2 


Figure 3-1: Connecting Probe to New 
Version Sonde 





Two thermistor probes connected to channel 1 and channel 2 respectively and 
separated by 1m provided a fixed separation distance between probes. This 


provided a means to compute horizontal differential temperature measurements. 


2n 


3. MT. Wilson Flights 
In support of characterization measurements of Mt. Wilson, California, 
three balloon launches occurred in September 1991. None of these yielded 
useful data, since RF interference on Mt. Wilson contaminated the measurements. 
The Loran and Omega navigational aid systems used to determine the sondes' 
location for determination of wind data were particularly suspectable to the 


interference. 


B. RESULTS 


1. Maui Flights 
Table 2 shows the results of the thermosonde flights for 28, 29, and 
30 June 1991 (one flight per night) in comparison with the acoustic sounder data 
and the AMOS 1.6 m telescope data (their measurement of r, at the time of the 
balloon flight). 
A 5 point running mean of the temperature data was used in the thermosonde 


C° program and then corrected as shown on page 13. 


PABEE-2=60RRESTERS ) COMPARISON MEASUREMENTS 


| DATE | avos TN 
s msi - 
' ET 


ETT 


30 JUN SENTO, 
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The flights on the 28 and 29 June differed from the other systems by a factor of 
three. This is believed to be due to the diode circuit in spare channel 4 (new 
version sondes). The 30 June flight (old version sonde) shows agreement with 
the AMOS 1.6 m CIS measurements within 1296 discussed in Reference 13. 

A problem exists when computing vertical temperature differences. 
Since the mean atmospheric temperature changes rapidly with altitude, vertical 
temperature differences <(T(z,) - T(z,)) > contain some unavoidable mean value 
changes that are not induced by turbulence. This phenomena is particularly 
prominent as the sensors cross a sharp temperature inversion. This thesis 
considered a variety of running means to remove the T, - T, mean. Figures 3-2 
and 3-3 show the effect of 5 to 21 point running means on the computation of R. 
and 6,. 

Figure 3-2 shows a monotonic increase in r, as the length of the 
running mean becomes shorter. This demonstrates that there may be no 
acceptable running mean length and other reduction techniques may be 
necessary. From figure 3-2 it is apparent that the channel 4-1 measurements are 
much less sensitive to the form of the running mean. This is simply a 
consequence of the short time period and distance between measurements. The 
channel 1-1 measurements are widely separated and are inherently sensitive to 
gradients in temperature. In table 2 the channel 4-1 measurements are the most 
accurate. [he channel 1-1 measurements in table 2 have been artificially 


enhanced by the 5 point running mean compared to the 21 point results. 
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Another source of systematic errors present when differencing channel 
1 and channels 3 or 4 are the fluctuations in time measurements from channel 
1 to 3 and 1 to 4. To calculate the separation distance r used in equation 10, an 
average of 100 msec and 150 msec time was used in the program. However, the 
signal time occasionally varies by as much as 10% . This leads to noise in the 
separation distance for channels 3-1 and 4-1 that is not present for channel 1-1 


differencing. 


RUNNING MEAN SENSITIVITY 
FLIGHT AF063021 
R o VS RUNNING MEAN SIZE | 
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~ CHANNEL 4-1 
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Figure 3-2: Running Mean Sensitivity 
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Figure 3-3: Running Mean Sensitivity 


2. NPS Flight 


Table 3 shows the results of the thermosonde flight done on 15 
November 1991 compared to optical measurements of the isoplanatic angle. The 
dual point probe and optical measurement method agreed very well, while the 


single point probe are 13% smaller than the optical measurement. 
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TABLE 3. CORRECTED 69, (uradians) COMPARISON MEASUREMENTS 


Date | oec | pua. | 11 | 31 | 41 | Aw 


Tables 2 and 3 suggest that the sonde circuitry may be inducing 






extraneous noise in the data. The VIZ 9000 MICROSONDE ll sondes measure 
resistance by counting clock pulses of an oscillator circuit [Ref. 10]. These clock 
pulses (counts) are then converted to resistance by the manufacturers software 
that is part of the VIZ system. To maintain high resistance and temperature 
resolution (0.002 to 0.008 K), the sonde alters the measurement period by factors 
of two to keep the counts in the 2'° to 2'? range. It was found that this altering 
or "ratcheting" happened at approximately the 60 and 260 kQ resistance 
measurements. This has an unfortunate side effect on the small thermistor probe 
self heating. Ohmic heating of the thermistor is proportional to the power 
dissipated by the probe as well as the time duration of the probe current. Figure 
3-4 shows a ratcheting effect in the channel 2 minus channel 1 temperature 
differences at the 60 kQ shift point. A consistent shift of 0.5 K occurs above 7300 
m in the temperature differences as the sonde shifts to a shorter count interval. 
Significant temperature spikes on the order of 0.05 K occur between 7100 and 


7300 m. 
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These fluctuations appear to be the result of an instability near the threshold 
point, as if the sonde shifts periods back and forth several times before 
stabilizing. This effect induces a false turbulence signal in the isoplanatic angle 
on the order of 5-109756. 

This phenomena appears in every sonde launch investigated to date 
when the sonde clock circuitry shifts averaging times. Appendix E includes a 
series of plots that further demonstrates this effect. Surprisingly, the "stutter" 
effect appears in the temperature differences but not in the raw counts recorded 
by the system. It is clear that channels 5-8 each shift periods at different times. 
The cause of this phenomenon is not completely understood at this time and 


should be investigated. 
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Figure 3-4: Ratcheting Effect on Delta T 
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IV. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The new high speed 5 mil VECO thermistor probe proved to be a large 
improvement in the single point probe method of measuring atmospheric 
turbulence. The results of measurements of r, and 8, are now within 10 to 12 
percent of the other methods of measuring the turbulence. 

The new version sondes are more useful than the older version by allowing 
the use of all 4 spare channels for data collection. The noise in the new version 
sonde is consistent with what was measured in the old version, therefore the 
noise filtering methods used for the old sondes are the same for the new version 
sondes. A successful method of filtering the altitude data was found to be a 
double 21 point running mean. 

This thesis found that a running mean applied to first order temperature 
differences was not sufficient for trend removal. Coherence length computed 
with 5-21 point running means showed a monotonic increase for shorter running 
means. |t appears that no running mean is suitable. Other data reduction 


techniques will be necessary. 
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Systematic spikes in Microsonde ll temperature data were found near the 
resistance range change points. These temperature spikes contaminated the 
isoplanatic angle by 10%. They will have to be removed by software or hardware 
modifications in future work. 

The improved high speed thermistor, along with the new version sonde and 
a computer program incorporating altitude filtering and high order temperature 
differencing will allow the NPS group to have a working single point probe 
system. This system has the ability to plot altitude verses C,^ displaying where 


the layers of optical turbulence are encountered. 


B. RECOMMENDATIONS 

To gain more confidence in the filtering methods used in the computer 
program and to establish a statistical data base for measurement comparisons, 
a number of flights should be launched with the two point probe system. These 
obviously should cover a wide range of both "good seeing" and "poor seeing" 
days. Another advantage of doing numerous flights to establish a data base is 
that a calibration correction factor could then be applied to the 3-1 and 4-1 


channels. 
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A continued study of how to handle the temperature inversions with a signal 
filter needs to be carried out and incorporated into the computer program. This 
is probably the future research area that would produce the greatest 
improvement to the system. 

It is unknown if the variations in the timing intervals between channel 1 to 
4 can be handled or removed well enough to bring into agreement 
measurements across all channels. If the noise is not improved, then output 
measurements should be restricted to differencing channel 1-1 for a single point 
probe or 2-1 for a dual point probe. 

Shortening the time between scans is a hardware improvement to the VIZ 
Microsonde ۱۱ that will improve performance. If this scan interval could be 
shortened from the present 1.23 sec to approximately 0.5 sec with the same low 
noise, it would be a big improvement for use as a single point system. This is 
because 0.15 sec tends to be too short for a 50 ms probe response time, while 
1.23 sec is too long (which corresponds to «5 m spacing). Therefore 0.5 sec 


(=2 m spacing) should improve the measurements. 
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APPENDIX A. PROGRAM FOR COMPUTING C,?, R,, AND 6, 


DECLARE SUBERoOMeMara" (), 50) 
DECLARE FUNCTION temp! (r!, b 
انا‎ 0011 

OPTION BASE 1 

DIM xm(0 TO 10) 

DIM a(4, 4), b(4) 

' This program reads the ASCII .mtx and .mdx file created by 
' the VIZ 9000 SYSTEM and performs a least squares fit 

' creating a temperature data output. 

' It then filters the altitude data and computes CN^2, Ro, and 
' theta o for 4 spare channels of data from the temer mm 
' data creating an altitude verses CN^2 ' output file to be 
' plotted with SUPERCALC. 

' DLW Sep 11 1990 (temperature conversion program) 

'CRH Nov 10 1991 

' To declare dynamic data array, invoke Quickbasic with /ah 

' option 


' LIST OF VARIABLES AND CONSTANTS: 
' start = starting altitude data point  rol- Ro for spare 1-1 


' stp = stopping altitude data point 001= theta o for 
Spare 1-1 

' dta(1,1)= time (sec) ro2= Ro for spare 2-1 

' dta(i,2)= pressure (mbar) 0902 therta o 1 
spare 2-1 

۲ data(i,3)= VIZ temp (C) ro3= Ro for spare 3-1 

' 015 )1 ,4( < humidity (4$) Oo3= theta o for 


Spare 3-1 


dta(1,5)= spare 1 resistance & temp (K) 
dta(1,6)= spare 2 resistance & temp (K) 
dta(1,7)= spare 3 resistance & temp (K) 
dta(i,8)= spare 4 resistance & temp (K) 


dta(i,9)= VIZ altitude (m) 

dta(1,10)= first 21 pt mean altitude 
dta(1,11)= 2nd 21 pt mean altitude 
dta(i,12)= delta T for all spares (reused) 


dta(1,13)= mean delta T for all spares (reused) 
dta(1,14)= CN*2 for spare 1-1 ro4= Ro for spare 4-1 
qta(1l1,15)=. CN22 for Spare 21 Oo4= theta o for 
dta(1,16)= CN^2 for spare 3-1 spare 4-1 
dta(i,17)- CN^2 for spare 4-1 
b(1)= coefficient of polynomial to convert resistance to 
temperature 
۱ j; 
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TEH Coefficient of polynomial to convert resistance to 


temperature 
BA) e | | 
' low = number of data pts lost due to running mean size 
' high = number of data pts lost due to running mean size at 


end of flight for spare 1-1 only. 
' ST = desired starting altitude 
' RM desired running mean size 
' pts = number of vertical data points 


REM SDYNAMIC 
DIM dta(6000, 17) 


Ezero.= 273.15 !' zero Celeus 
INPUT "enter MTX filename "; MTXS 
PRINT 


PRINT MTXS 
OPEN MTXS FOR INPUT AS #1 


INPUT "enter MDX filename "; MDXS 


PRINT 
PRINT MDXS$ 
OPEN MDX$ FOR INPUT AS #2 


1 = O 
DO UNTIL EOF(1) 
B— j 2 3 
۱۳۱۳۵ eea 01 0 —idbatli 2 Mata (17 3) ate (ae 
dee a) 
LOOP 


1 = 0 
DO UNTIL EOF(2) 

) = ] + 1 

IPOT f2, x, y, dta(l 9) 'x and y are unneeded variables 
LOOP 


BUND START AND STOP OF FLIGHT 


N = 1 

FOR = 1eTo (N / 2) 
۱۳۱ ۱۵/۳ ات‎ -dtalt + 1, 9)) AND 
(dta(1 1.9) < dta(i + 2, 9)) AND 
[omn 2. 39) ce OCAL 9 3, 9)) AND 
(deg 3, 39) « dta(L +2. 9)) AND 
(dta(1 + 1, 9) = dta(i, 9)) > 2 AND 
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(dta(1 + 2; 9e- dta(i t 17m PE e. 
THEN GOTO 10 
NEXT i 
10 start = 1 'exited loop when conditions were met 


FOR i = N TO (N / 2) STEP -1 


TE dta(i, 9) = dtaqi - 1 هت ات‎ 
dta(i - 1, 9) » dta(i - 2, 9) AND 
dta(i = 2, 9) = dta(i PI) IM AEG TOM 0 
NEXT i 
20 stp = 1 'exited loop when conditions were met 


CLOSE #1: CLOSE 72 
'CORRECT ALTITUDE (VIZ MAX ALTITUDE 1221 15 2500 m) 


INPUT "enter altitude correction (M ۵ 
PRINT 
241111011 
FOR 1 = start TO stp 
ata(i; 9) = ata. Sir zcox 
NEXT i 


"DO DOUBLE 21 PT RUNNING MEAN ON ALTITUDE (Z) 


'first 21 point mean 
FOR i = start TO (stp - 20) 


num! = 0! 
FOR j = i TO (i + 20) 
num! = num! 5208230357 9 
NEXT j 
dta(l + T0 10) = nüm! / 2I! 
NEXT i 


'second 21 point mean 
FOR i = (start + 10) TO (stp - 30) 


HAm S 
Fo MTM SU 
num! = num! + dta(j, 10) 
NEXT j 
dta(1 + 10, 11) = nüm! y po! 
NEXT Ai 


' compute average ascent distance between data points at start 
"Po 111 ۴ 


zlave! = (dta(start + 24, 11) - dta(start i20, 110) 7m! 


36 


52 


m 


compute average ascent distance between data points at end 
OF flight 


avery = (Ata Stop = 20-11) a tar sep 24,111) 04: 


compute averaged altitudes to fill in first 20 data pts lost 
by double filter 


۳۲ TO: 20 
ducc = dacalstart +120 COG 0210008) 
NEXT j 
j = 1 
FOR i = start TO (start + 19) 
0۳ (1, 11) = 9۳ رل‎ 11) 
J = j + 1 
NEXT 1 


compute averaged altitudes to fill in last 20 data pts lost 
py double filter 


EGRK) 1 TO 20 
ata], 11).-=.adta(stp > 20, 11) + (3.* 22ave!) 
NEXT j 


۱ 1 

FOR 1 = (stp - 19) TO stp 
sc = ada) 
j= 341 

NEXT 1 


The following is a program to convert resistance data to 
temp data 


begin least squares fit 


- 4 


BOR T= TO m 


FOR j) = 1 TO m 
010090! 

NEXT 5 

b(i) = 0! 


NEXT i 


m2 


FOR K 


< 1 + 10 - 2 

Stare TO SLED 

06 (C6a41, SJ) 

A A y ا‎ Er) 


xk 
yk 


xm(0) = 1! 
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FOR 3^ 390992 


xn (20 Fn mir = D) 
NEXT TI 
FOR 1 = 1 TO m 
12 = 1 - 2 
FOR J = 1 TO m 
a(i, j) = ali, J) + xm(i2 + j) 
NEXT j 
b(i) = b(1) + yk * xm(i - 1) 
NEXT i 
NEXT k 


' set lower half of matrix 


FOR 1 = 1 TO m 
FOR TOT 
2 ال‎ ٩ En 
NEXT J 
NEXTTI 
c = m 


CALL Crout(a m. e) 
PRINT Bil) o) 
' convert to temperature 


FOR i = start TO stp 


dta(1, 3) = dta(1l, 3) + tzero 
resistance = dta(i, 5) 

dta(1, 5) = temp(resistance, b()) 
resistance = dta(i, 6) 

dta(1, 6) = temp(resistance, b()) 
resistance = dta(i, 7) 

dta(i, 7) = temp(resistance, b()) 
resistance = dta(i, 8) 

dta(i, 8) = temp(resistance, b()) 
NEXT i 


'RENUMBER ARRAY FROM 1 TO N 


FOR 1 = start TO stp 
FOR j = 1 To 11 


dta(i + 1 = start, 5) = dta(i, j) 
NEXT j 
NEXT i 
N = (i — Stay m) 
PRINT 
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' x* (1-177 


| 


PRINT "starting altitude = "+ dqta(1l, 11) 
PRINT "stopping altitude = "; dta(N, 11) 


' allow user to select new starting altitude to examine 
portion OL flight 


PRINT 

INPUT "enter new desired starting altitude"; ST 
PRINT 

PRINT ST 


FOR i = 1 TO N 
IF dta(i, 11) > ST THEN GOTO 30 


NEXT i 

30 start - i 

PRINT 

PRINT "New starting altitude - "; dta(start, 11) 


' compute number of data points 


stp = N 

pts = stp - start + 1 

FEINI 

PRINT "number of data points are "; pts 


ENTER RUNNING MEAN TO BE USED FOR dT 


INPUT "enter size of running mean (odd number) for temp"; RM 
PR UNT 
PRINT '"dT running mean is "; RM 


"COMPUTE CT*2 FOR SPARE 1 - SPARE 1 TEMP DIFFERENCE 
'COMPUTE DELTA T 
FOR i = start TO (stp - 1) 
Hor» ues dai) 
NEXT i 
'DO RUNNING MEAN OF dT 
low = (RM - 1) / 2 


high = (RM + 1) / 2 
FOR 1 = start TO (stp - RM) 


num! = 0! 
FOR j = i TO (i + RM - 1) 
num! = num! + dta(j, 12) 
NEXT J 
dta(i + low; 13) = num! / RM! 
NEXT 1 
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'compute cn2 


FOR i = (start + low) TO (stp - high) 

dta(i, 14) = (((.000079 * dta(i, 2)) / (dta(1, 00 IE 
((dta(i, 12) - dta(1, 13) ^2) 7 (War a DERE 
="dta(i, 11)) 200 60990) 


NEXT i 
h! = 2.1 * (1.46 * (2 * 3.14159 7. 500E5E=09) 5” 2) p o 
sum! = 0! 


' compute Ro (CN^2 * d2) 


FOR 1 = (start + low) TO (stp - high) 
sum! = sum! + ((dta(i +1, 11) - dta(i, 11)) * dta(i EE 
'dz-dta(i-41,11)-dta(i,11) 


NEXT 1 
sum2! = sum! “ (-.6) 
rol! = h! * sum2! 


"COMPUTE Oo for" 1-1 (CN 2 * 9020909767250 


f! = (2.905 * (2 * ,و‎ 14159 ۸ 0۳ 9 ۱ e 
sumO! = 0! 
FOR i = (start + low) TO (stp - high) 

sumO! = sumO! + (((dta(1l + 1, 11) - dta(i, 11)) * 


dta(i, 14)) * (dta(i, 11) ="dta(start, 11) )) TCE 
NEXT 1 

sumo2!= sumo s=) 

Ool! = f! * sumO2! 


'COMPUTE CT“ 2 FOR SPARE 2Ğ ES SPATE T  TEMPEDIFEFERENGE 
'compute delta T 


FOR 1 = start TO stp 
dta(i, 12) - dta(i, 5) - dta(i, 6) 
NEXT i 


'do running mean of dT 


FOR i = start TO (stp - RM + 1) 
num! = 0! 
FOR j = i TO (i + RM - 1) 
num! = num! + dta(j, 12) 
NEXT 3 
dta(i + low, 13) = num! / RM! 
NEXT i 


'Compute 2 
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FOR 1 = (start + low) TO (stp - low) 
mac NI M S 1.009079 x qE31 09 ih) (deati, 2) 2) 721% 
G 3 l2 ct dra 159 522) "NC teta Tt EIN) 
deat o 2999. 7: 2:3] * 205) 5 (.6667)) 


NEXT 1 
sum! = 0! 
sum2! = 0! 
BOR a start + low): TO (stp. =. Low) 
sum! = sum! + (dta(i, 15) * (dta(i + 1, 11) = dta(i, 11))) 
NEXT 1 
sum2! = sum! “ (-.6) 
Beet = Ni * sum2! 


COMPUTE Oo for 2-1 


sumO! = O! 
BOR = (Start + low). TO (stp — low) 
sumO! = sumO! + (((dta(i + 1, 11) - dta(i, 11)) * 
dtar, ES) EN (Ataka dtealseeart!' 21) 1.6667) 
NEXT i 
Sumo = sumo! 1 (=. 6) 
002! = £! * sum02! 


COMPUTE Cl 2 EOR SPARE 5 — SPARE 1 TEMP DIFFERENCE 
'compute dT 
FOR 1 = start TO stp 
dal 32) == qta) =, data(t,.17) 
NEXT i 


'compute running mean of dT 


FOR i = start TO (stp - RM + 1) 


num! = 0! 
FOR j = i TO (i + RM - 1) 
num! = num! í qta(jJ; 12) 
NEXT j 
dta(i + low, 13) = num! / RM! 
NEXT i 


Peenpute cn 


FOR 1 = (start + low) TO (stp - low) 
E yocp con 
a jo Sq O AU n 11) 
= clea 1) o eee) 'dz/1.23= vel'y 
'r=vel'y * 0.lsec 
NEXT -i 
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sum = Q! 


sum2! = 0! 
FOR i = (start + low) TO (ste Jo) 
sum! = sum! + (dta(1, 16) * (dta(1 + 1, 11) - dta(1 
NEX TI 
sum2! = sum! ^ (-.6) 
ro3! = h! * sum2! 


'compute Oo ها‎ 


sumO! = 0! 
FOR i = (start + low) TO (stp - low) 
sumo! = اناد‎ dta(ls AE MTK 


dta(1, 16)) * (dta(i, 11) - dta(start; رل‎ TEES 
NEXT 1 
sum02! = sumo! ^ (-.6) 
003! = f! * sumO2! 


"COMPUTE CI^2 POR SPARE 4^- ره‎ TIENT DIETER 
'compute delta T 


FOR i = start TO stp 
dta(1, 276 dta i 5S) alal GS 


NEXT i 
FOR i = start TO (stp - RM + 1) 
num! = 0! 
FOR j = i TO (i + RM - 1) 
num! = num! + dta(j, 12) 
NEXT j 
dta(i + low, 13) = num! / RM! 
NEXT i 


'compute cn2 


FOR i = (start + low) TO (stp - low) 
dta(i, 17) = (((.000079 * dta(1, 2) Y (dta(1, 3) TIPE 
((dta(1, 12) = dta(1, 13) 1 2577. ( (412 21 194: e En, 
- dta(i, 11)) / 3523) * MES) ES 55521 


NEXT I 
sum! = O! 
sum2! = 0! 
FOR i = (start + low) TO (stp - low) 
sum! = sum! + dta(1, 1?) * (dta(i + ' 1 , 11) data FTS 
NEXT i 
sum2! = sum! ° (-.6) 
ro4! = h! * sum2! 


' COMPUTE Oo for 4-1 
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sumO! = 0! 
FOR 1 = (start + low) TO (stp - low) 


Eee dtaí(i, ال‎ 
ata(a, 1/03) * (deta, 111 = dta({start;11)) 5^ 176667) 
NEXT 1 
sum02! = sumo! ^ (-.6) 
Oo4! = f! * sumo2! 


ES UD DUM DO CATIE ALTITUDE VERSES? CN2 FOR EACH CHANNEL TO BE 
I IOTTED WITH SUPERCALC 


INPUT "enter output file name ", output$ 
OPEN output$ FOR OUTPUT AS #3 


FOR i - start TO stp 
RITTE 3 “Cec 17.21.17) Gala Cl IA) COCCI, ES) aca TEN 


dta(1, 17) 

NEXT 1 

PRINT 

BERUITACUHOlIlI- " rol 
PRINT "ÇRo2= "Ç", ro2! 
PRINT UROS2 ",.ro3! 
PRINT "Ro4- ", ro4! 
PRINT-"Ool- "; Ool! 
PRINT “Oo2= "; 002! 
PRINT "Oo3= "+ Oo3! 
PRINT "Oo4= "; 004! 


END 


REM SSTATIC 
IERSNG T-N 
STEF Trout (an e D), G) 
DEFINIT T-M 
' this subroutine solves the set of simultaneous equations 
' A*X=B where A is a symmetric matrix using the Crout or 
' Cholesky procedure. 
' The original A and B arrays are destroyed. 
m = c 
Sa 15010) 
IF all = O THEN GOTO singular 
FOR i = 2 TO m 
ada i) = a(i, 1) / a11 
NEXT i 
b(1) = b(1) / all 
۱ 
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SS Upsalan. Matrix 


FOR j 2 m 
j1 = j - 1 
FOR 1 = j) TO m 
asave = 0! 
FOR ۳ 10 1 
25 2۷ < asave X d MR Ea A 
NEXT k 
a(i, j) = a(i, j) - asave 
IF 1 > j) THEN.a(j, 1) E O 
NEXT 1 
bsav = 0! 
FORK e aj 
bsav = bsav + a(j, Kk) * b(k) 
NEXT K 
aJ) a DD) 
IF ajj = 0 THEN GOTO singular 
b(j) = (b(j) - bsav) / ajj 
NEXT 3 


' pack substitution and calculate qeterminant 


oem‏ ار 


111 1۰ SME 
FOR i 101 Oll 
bsav = 0! 
mi = m ~= i 
mil = mi + 1 
FOR j = mil TO m 
bsav = bsav + a(mi, 
NEXT j 
b(mi) = b(mi) - bsav 
NEXT l 
GOTO finished 
singular: 
PRINT "***Matrix is singular***" 
finished: 
END SUB 


DEFSNG I-M 
FUNCTION temp (r, 
nE LOSE) 
temp = 1! / 
END FUNCTION 


b()) 


(b(1) + Inr * (b(2) — Ine * (b(3) ++ bid) 


+ 


APPENDIX B. NOTES ON OPERATION OF VIZ-9000 SYSTEM 
The following are notes to support the operation of the VIZ system. They 
are to be used in conjunction with the manufacturer's manual. These notes are 
a brief summary of the steps the NPS group found to be important upon initial 
indoctrination of how to use the VIZ system. 
PARTI 


e [he initial wiring of the system should be as shown in figure B-1. 


COMPUTER 
ML UNE 


| A 
| 


IKEY | SER 1 SER 2 


a | [cM Ecos 
ni | | J 


[3 RJ1 TJ1 | 
OFE/ | 


IN 
` ⁄ 

| ۱ 
di OUT | 142 | OUT NM 


403 REC OM LOR TK J OM LOR Tk2 0 
ON REM REM LOC LOC 


IN 


Jae > 


Sa 





O x 
0 م‎ 
U 


Figure B-1: Wiring Diagram 
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PART || 





e After properly connecting all the cables, and properly installing the 
navigation and receiver antennas, the system should be booted up ensuring the 
"rack" is turned on before the computer. 


(WARNING: be sure the nav antenna is not too close to the 
receiver antenna before starting the system. The 
receiver antenna makes a complete rotation upon 
energizing and can damage a nearby nav antenna.) 


e The next step is to run "SETUP". SETUP consists of 8 parts. The 
following configuration should be used for the Monterey Bay area: 


***Whenever data is selected or entered, to leave the present screen 
and return to the previous menu, press "escape" and follow the 
directions on the screen. 


1) Station Installation: 
Customer Name: NPS 
Station ID: NPS 
LAT: 36° 35’ 42.0 N 
FONG 1252 5700 
WMO station no: 0 
Station Ht: 38 m (2500 m MAX) 
Local time: 0 
Surface data timer: 0 
Sonde type: 2 
PTU selection: Y 


2) Receiver Installation: 
start-stop: 395-410 hz 


3) Navaid Installation: 
Zeemet system: LORAN 
Tracker 1: LORAN 
Tracker 2: OMEGA 

****If desire an omega launch, then just toggle the zeemet system 
to omega (by using space bar), nothing else has to be 
changed. 
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****For cross chain loran flight, change tracker 2 to loran. 
After entering "LORAN, LORAN, OMEGA", go to tracker 1 and press "enter". This 
will open a sub-window to choose what loran chain you want. Highlight "9940" 
and press the space bar so the "check mark" moves to 9940. Next press 


"escape", go to tracker 2, press "enter", and now select for omega: 


OMEGA 
Japan: include 
Norway: exclude 
Liberia: exclude 
Hawall: include 
North Dakota: common 
La Reunion: include 
Argentina: include 
Australia: include 


4) Wind Computation (done in height) 
LORAN 
۱ 0 60 2 15 
2. 1000 90 3 15 
3. 10000 120 4 15 


OMEGA 
EE 120 = 15 
2.1.1000 180 5 5 
3. 10000 240 15 


5) Loran Chain File: 
-leave untouched 


6) Antenna Configuration: 
The cycle time needs to be rechecked at least yearly. Presently the cycle time 


Is 48.3 sec. 

****Remember at the end of this menu to adjust antenna center for each 
site (need magnetic variation for site). For Monterey, magnetic 
variation is 16° East, therefore compass heading should read 074 
(SO yagi antenna points 090 T). 
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6) Antenna Configuration (continued): 

mode: auto 

select: omni 

systems: both 

switch: 4000 m down range 
When this information is entered, antenna will cycle and stop at its midpoint. 
This is when the orientation should be adjusted (adjust antenna to most probable 
wind azimuth). 
PART Ill 
e To run a flight: 
) choose which type of sonde (loran or omega) 
) fill balloon and attach sonde 
) 
) 


1 
2 
3) get permission from Monterey Airport tower to launch (375-1214) 
4) type "START" 

e When menu appears, enter sonde serial number and flight ID: 


flight ID = month + day + hour (2 digits each) 
EX: 031121 = March 11 2100 


e Once this is entered, check Navaid status. Use instruments to enter surface 
data. 


e Once sonde is prepared, check receiver status (signal strength should be 200- 
255). Receiver should lock on sonde after a few minutes. If not, go to receiver 
display [Alt-s] to observe sweep of spectrum. 

e Next check calibration. Check to see that temperature and humidity lock- 
In numbers match those on sonde sticker (if close, go with computer, if way off, 


go with sonde label). Enter offsets if needed. 
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e Finally, when "?'s" on 1-4 have changed to "*'s", arm for launch. You can 
launch the sonde at anytime after you press arm for launch. However, do not 
hold the sonde too long because you only have two hours of allotted time from 
the "arm for launch" time for a complete flight. 

e Wait a few minutes for PTU data to show up on the screen. 

e Once you have PTU data, go to "Data Display Mode". Choose the PTU 
plot display. 

e Check ascent rate for 180-240 m/min. 

e At any time in the flight you can check on the pointing of the antenna and 
S/N ratio levels by going to "utilities". 


****Do not go to receiver mode in utilities once launch has started. This 
will cause a stopping of data collection. 


e When flight has finished, you should be in either PTU plot or general flight 
menu screen. Now go to utilities to save flight data to disk. 


e After this is done, you can exit flight menu. 
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APPENDIX C. PLOTS OF C’ 
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Figure C-1: Altitude verses C,’ 
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Figure C-2: Altitude verses C ° 
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Figure C-3: Altitude verses C ° 
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Figure C-4: Altitude verses C ° 
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FLIGHT NS111522 
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Figure C-5: Altitude verses C,? 
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APPENDIX D. PROBE HEATING 
Figure D-1 is a plot showing the effect of probe heating from channel 1 to 
4. As shown, the probe temperature increases from channel 1 to 2, then 
decreases on channel 4. This is because the probe is off between channels 2 


and 4 (no data on channel 3) allowing the probe to cool. 
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Figure D-1. Probe Heating 
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APPENDIX E. EFFECTS OF CONVERTING COUNTS TO RESISTANCE 

The VIZ Microsonde || measures resistance by counting clock pulses and 
then converting these counts into resistance values. In order to keep resolution 
high, the counts stay between 2" and 2'°. When the counts fall below 2'4 the 
system doubles the number of periods counted (racheting effect). Figures E-1 
through E-7 show the effects of these rachet points. The two times the system 
racheted where found to be at resistances of 60 and 260 kQ. 

SO LCD ORE is 
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Figure E-1: Racheting Effect on Counts 
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Figure E-2: Racheting Effect on Counts 
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Figure E-3: Racheting Effect on Counts 
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Figure E-4: Racheting Effect on Counts 
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Figure E-5: Racheting Effect on Delta T 
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Figure E-6: Racheting Effect on Delta T 
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Figure E-7: Racheting Effect on Processed Data 
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